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PEEPACE. 



Of all the requisites for a really healtliy and comfort- 
able dwelling, school, hall, or church, &c., none has 
been bo sadly and foolishly neglected hitherto as good 
- Tentilation. Dfs v>^(JVis'oiI f»i< tilisiiaportaut hygienic 
element is, in th« fjreat majoricy of our buildings, most 
conBpicuoua by its abae-ice. Nov^, however, the public 
are awakening to th^< -.Snai.- thai this penny-wise-und- 
pound-foolish policy ia a greao niiaiake, and the demand 
is everywhere being made for improvement. 

Since the writer issued his " Text-Book on Plumbing 
and House Drainage " in 1876, there has been a won- 
derful reformation in sanitary practice in these parti- 
cmlars. To aid in completing the work, this companion 
treatiae on Ventilation is now issued, in the expectation . 
that it may be as useful and as successful as its pre- 
decessor. 

A cheap and popular illustrated practical work on 
Ventilation — that would be useful uhfce to the Architect, 

J Pbynician, and the Artisan, a.a -w^ i\% '■a^^K^'ia*^'?, 



VI PREFACE. 

and instructive to the general reader — ^has been much 
desiderated. It is hoped that this little book may help 
to fill the void, and also be serviceable to the rising 
generation in our Technical Schools and Evening j 
Classes. 

Thanks are due to Mr. P. MacGregor Chakners, 
F.S.A.Scot., Architect, Glasgow, for his kind assistance ' 
in preparing a large number of the illustrations for the 
engraver ; and to Mr. John Foggie, F.C.S., of Univer- 
sity College^ Dundee (who acted as assistant to the 
late deeply lamented Professor Camelley), for the . 

chapter on Examining jbhe Air of^Ru^dings. 

•.••*.. •*• 

• *••-,•» •• •• • •.* • 

21, Renfeew Steeet* (^iA.SGi)T«l: ••!; 
January laty 1891.' 
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4» VENTILATION. 

fore, means motion and renewal of the air so as not to 
produce unpleasant or dangerous draughts. 

By the word "air" in this connection is meant the 
compound mobile fluid that surrounds our earth to a 
height of forty-five miles or so, and in which we breathe 
and live, otherwise termed the " atmosphere." 

Air is matter in a gaseous condition, matter present- 
ing itself in three states, viz., the gaseous, liquid, and 
solid. Water,* again, which is matter in the liquid 
state, is formed by the union of the two gases, oxygen 
and hydrogen, in the proportion by weight of 8 of 
oxygen to 1 of hydrogen, or in volume 2 of H to 1 of O, 
oxygen gas being 16 times heavier than hydrogen. We 
in temperate countries are most familiar with it as a 
liquid. At and below 32^ Fahr. it freezes and assumes 
the solid state, when it is known as ice or mow. At and 
above 212° Fahr. water (at the surface of the earth) boils, 
and is transformed into the elastic aeriform fluid known 
as steam^ which has been converted by human ingenuity 
into the great servant — or real permanent Hercules — of 
our race. In the solid form the particles of matter 
appear to adhere to each other. In the liquid they can 
roll about freely like bullets, while in the gaseous state 
the particles appear to repel each other, so that the mass 
tends to expand indefinitely. 

The chemical composition of the atmosphere in 100 
volumes or 100 grains of dry air may be taken roughly 
as 21 parts of oxygen and 79 of nitrogen, with a small 
proportion of carbonic acid, or more exactly as follows, 
and as is given in " Chambers's Encyclopaedia '* : — 

Nitrogen .... 
Oxygen .... 
Carbonic acid 

100-00 10000 

» ■ - 

* In old style ihe chemical symbol of water was HO ; the newer 
style H2O or H2O2. 

t This **0-04" in 100 vols, means 4 in 100 + 100 = 4 parts in 
JO, 000, which ia taken as the normal propoTtion. oi caT:\>amft «^vi or 
^O^ in the atmosphere. 



Volumes. 


(drains. 


7902 


76-84 


20-94 


2310 


0-04t 


006 



COMPOSITION OF rllE ATJlOSniEliE. 3 

In addition to the above gases there is alwaj^s a, cer- 
tain amount of watery vapour in the atmosphere, vary- 
ing from 4 to 16 grains in the 1,000. Professor 
McKendrick, M.D., F.R.S., in hi^ work on " Thysio- 
logy" gives the proportions of the constitucutR of llie 
atmosphere as follows : — 



Traces of ammonia, nitric acid, and of organic niatii 
will also be found in the atmosphere. Ozone, or 
oxygen in on active or highly electro -negative state, 
also exists in the air. It ia not found in the atmosphere 
of cities. Aa ozone is considered a purifier of the blood 
and health agent, people iii bad health are sent to the 
country or seaside, as the case may be, to inspire ozoue. 
As prevention is bettor thun cure, people again go to 
the country or seaside for a time each year to brace 
themselves up and bo stave off illness," 

Oxygen and nitrogen may bo looked upon as repre- 
senting the pure air, the principal work of the nitrogen 
seeming to he to dilute the oxygen ; the carbonic acid 
and other matters found in the air being looked upon 
as impurities. These impurities consist not merely of 
bad gases, hut also of dust and of low, Rraall organisms 
and their seeds or spores. Oxygen is an elementary 
sabstance, not a compound ; it exists in the atmosphere 
in the free state. It is not chemically combined with 
lli6 nitrogen in the air, but merely mixed with it. 

It has been already stated that air is matter ; it must, 
therefore, have weight. This was not understood by" 
the ancients. Aristotle is stated to have weighed a 
skin or bladder when empty or squeezed close together, 

* Sometimes th? diun^jro ia out of tlie frying-'jiBiv uAq 'Ata ^.ni, 

ghtmld lip hvuso gone to be ilamp, or its flramagc iit -wiAcT-waW^l ""wi ' 

I bad. la souiH count boamm the air is possulilQ ■wto\e \\ie ■■»fvii6.D-«a ot:^ 

epai, bat with tbem ibut the air in tlitm feels mwstj tmi^BHigteeitiUi. 

B. B 2 ^ 
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and when inflated. As he found no diflEerence in the 
weights, he wrongly concluded that air had no 
weight. This experiment, unfortunately for Aristotle's 
credit, was not properly carried out. It helped to 
mislead men, however, for hundreds of years, or down 
to the time of Galileo (sixteenth century a.d.). 

The simplest experiment is that made by Torric^lli 
in A.D. 1643, which may be explained as follows : — 
Take a glass tube, hermetically sealed at the one end, 
and say ^ in. in diameter internally, and 3 ft. long. 
^ — Fill it quite full of mercury, then stop up 
the open end firmly with the finger ; now 
turn up the tube and insert its lower end. 
into a vessel containing mercury, as per 
Fig. 1. When the finger is removed, the 
mercury will be seen to sink down a little 
in the tube, until it stands about 30 in. 
higher than the surface of the mercury in 
the vessel. This perpendicular column of 
mercury 30 in. high is prevented from fall- 
ing down into the vessel by the pressure or 
counterbalancing weight of the atmosphere. 
Aristotle's idea that " nature abhors a 
vacuum," or that she is always able to pre- 
vent one being formed, would therefore appear to be 
wrong, for a vacuum exists inside the glass tube above 
the 30 in. of mercury. 

As a cubic inch of mercury weighs about half-a-pound 
avoirdupois, a vertical colunm of mercury one square 
inch in base and 30 in. high will weigh about 15 lbs. 
(more correctly 14f Ibs.j. A vertical column of the 
atmosphere one inch square in base and 45 miles high 
is the same weight ; 15 lbs. to the square inch is there- 
fores known as the pressure of one atmosphere, 30 lbs. 
of two atmospheres and so on. Previous to Torricelli's 
experiment Galileo had already discovered that a colunm 
of water about 34 ft. high counterbalanced the weight 
o£ the atmosphere. He discovered this in connection 
m'th tie Etting up of some water pxmv^^, ^\n.c?t^^ Vib 
^ound, would not lift the water irom a gte^\.et ie^'OcL 



Fig. 1. 



■\VEIGirr OF TUE ATMOSPHEHE. 

ttian about 3^ ft. below the under-valve.* The weight 
of the ahnosphere Taries, as ive see by the rise and fall 
of the barometer. Water is uboiit 13-59 times hfjhtei 
than mercury, so that 30 in, x 13'59 gives about 34 ft, 
for the height of a column of water to balance a 30 in. 
high column of mercury. 

Air is about 800 times lighter than water, and nbouf 
10,000 times lighter than mercury. 100 cubic in. of 
dry air, when the thermometer is at 60° and the baro- 
meter 30 ina. weigh 31'074 grains, a cubic ft. of ait 
weighing fully 1-^ ozs., or, taking the weight of i 
cubic ft. of water at 40° Fahr. at 1,000 ozs., the specifii 
gravity of the air at the earth's surface is 1'222 ozs. p^ 
cubic ft. Mercury 13,596 oz. Carbonic acid (or carbon 
dioxide) is as 1529 to 1000 or fully half as heavy again, 
as the ordinary air,t yet owiug to the energy inherent 
in it as per the law of the diffusion of gases, the carbonic 
acid does not lie at the bottom of the atmosphere, but 
is, generally speaking, equally diffusod through it. 

Ab related in Everett's translation of Deschunel'a 
" Xatural Philosophy," Count Bertbollet — who died in 
A.o. 1H22, made an interesting experiment which 
proved how powerfully, even m very unfavourable 
oircum stances, this power or faculty of diffusion acts.J 
He took two globes, as per Fig. 2, and filled one with 
carbonic acid gas and the other with hydrogen. The 

• It ifl to Qulileo that we owe Oie true ecientifio method of dealing' 
-With all natuml pheuorupiia, \iz, . tlir; iriethod by psperimciit. Uuny 
ot the tteoripB of the aiii'ii'nt (ihilo.-tiphera, ospociully of the Platomo 
BOhoDl, were baBed upim im'«> i'i.nii;i.'ptiuiis — reaoouing fconi a nuppOHed 
MUse to the efEctt-to wlik'h fiuth luid (o be Bccomraodaled. The 
Ftolemaio Byskuti of ustruiioiiij-, wliich hpkl sway until the Hixtecnth 
vmtoTj A.D., ia an iutcrfstiiig ciQ.mpIt of this. The dpath-knell of 
femy a false theory wa» Kuiindcd irhen this »-aa exploded. 

t Weight of itxjgen to ordinary air is as 1 . 1 11 to 1 , FO thnt it !■■ 
Inavier- Nitrogpn aguin in lighter, being 0972, and hydrogen lighter 
■till, being O'OBi). Hydrogen is one of the lightest STibstances known, 
beinf; about 14 times lighter than the aame bnllt of atmof pherio air at- 
eauBi tempcruture. Water, which ae a liquid is almost incojnproBfdble, 
when boiled expands into Hteam oooupyiiig ITOO times the space of &» 
imter, bo that a cubic inch of water will give about a oubio foot of ateam, 
J Thomas Graham (of Glasgow), P-R-S., w'^O ^QS. ■Wra. \a \'«»Si. 
wrote " On the Law of tho Diifusiua ol Gases," Tvo.ii»at.&noa <*. "at. 
Boyai SoBiety, Ediabnrgh, 1834. This was after BeiftuJi^* 'waft- 
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globes were connected together as per illustration^ by a 

small pipe. Although the hydrogen was in the upper 

globe, yet after a tinte it 
was found that half of the 
hydrogen had gone down 
into the lower globe and the 
half of the carbonic acid 
had gone up into the upper 
globe. Now as the carbonic 
acid gas is about 22 times 
heavier than hydrogen gas, 
this experiment shows how 
the power of diffusion over- 
comes the force of gravity.* 
This faculty of diffusion 
causes the carbonic acid at 
the top of a mountain to be 
in the same proportion in 
the atmosphere there as in 
the fresh air at its base. 

The wonderful energy of 
hydrogen may be shown by 

the following interesting experiment. 

Take a bottle with two mouths and half fill it with 

water, as per Fig. 3. Then put a tube into each neck, 

as shown. When a bottle filled with 

hydrogen gas is placed over the tube 

at A, so strong a pressure is exerted 

on the surface of the water, that the 

water spurts up through tube b. 
Many people, in ignorance of the 

effect of the continual operation of 

this law or faculty of diffusion, 

imagine that because carbonic acid 

gas is heavier than the general air, -pig. 3. 

that therefore in accordance with 

the law of gravity it falls to the ground, and as a con- 




Fig. 2. 



B 



I n 



IP 



rr 



* It would not do to allow pnre oxygen aTi.d"kydio^Ti 'to Toix, 
these gaaea forming an explosive mixture "wUeTL "bxou^^i V>^^ct»' 
■—^/as^ow Meraid, 3farch 13th, 1890. 
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■Bequence, the air, thoy tell us, at tho floor of a room 
will be worse — or contain more carbonic acid — than, 
that at the ceiling, but this is a pure mistake. 

Generally speaking, in occupied rooms, and especially 
after the gas has been lightod, the worst air is at the 
ceiling, hence the advisability of drawing it off at that, 
height. 

Air as it ia exhaled from the lungs has a temperature 
of about 97'', so it rises upwards. If it can be carried 
off before it cools and falls again, or by diffusion or 
cnrrents geta mixed with the general atmosphere of the 
room, church, school, or hall, then the air of said room. 
or church, &c., will not be deteriorated by it. 

In this connection it should be remembered or under- 
stood that exhaled air contains about a hundred times 
as much carbonic acid as fresh air, so that the provision 
supplied to carry off this Ifirge amount requires to be. 
ample, and not in tho merely nominal or short allowance 
style — of a farthing biscuit and half an ounce of beef, 
and both rather stale, to a hard-worked navvy for hia 
dinner — so often allowed. 

In some cases carbonic acid may be generated quicker 
at the bottom of an enclosure than it can diffuse or get 
mixed with the atmoaphercj as at the bottom of a well, 
or in a mine, or in a largo empty wine or beer vat, but 
these cases aro cxccptionaL They have to be guarded 
against, however. 

The air in the Grotto del Oane is deadly from thi« 
cause, and people have been made insensible or killed! 
by goin^ down into an empty vat, or into a well where 
the air was bad. 

As I write this the newspapers relate that some mBBt 
have just been killed by going too hastily into a gaso= 
meter to work. Some of them saw their mistake when 
it was too late, they tried to escape, but fell back in- 
sensible, and were suffocated. 

We might refer to the case of the steamer London' 

rfwr^, when plying between Liverpool andSli^o. Qxt 

Ifecember 2nd, 1848, she left ior lA->)e,rewi\ ^'vett.'!*^^ 

paaaengere on board. Stormy weaftieT cavna « 
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8 VENTILATION. 

were ordered below. The cabin for the steerage pas- 
sengers was only 18 ft. long by 11 ft. wide and 7 ft. 
high, and into this small space the passengers were 
crowded. Although there was no provision for ventila- 
tion, the captain ordered the hatches to be closed, and 
even covered over the entrance to the cabin with a tar- 
paulin. As a consequence the passengers had to breathe 
the air they exhaled over and over again, consuming 
the oxygen and supplying its place with carbonic acid, 
so that their condition shortly became intolerable. A 
horrible scene of frenzy and violence occurred, many 
being suffocated. One of the passengers managed at 
last to force his way on deck and alarm the mat^ 
when it was found that seventy-two persons WBf6 
already dead, and others dying in torture, all owing 
to the ignorance of those in authority, who did Mt 
imderstand that people required the atmosphere they 
breathed to be renewed, and that exhaled air was 
poisonous.* 

It was owing to this consumption of the oxygen and 
excess of carbonic acid that so many people were suffo- 
cated and killed when thrust into the *' Black Hole" at 
Calcutta. 

According to Professor McKendrick, animals may 
breathe an atmosphere containing two or three times 
the normal amount of oxygen without appearing to 
be affected. It is not so easy, however, to get an 
excess of oxygen as of carbonic acid.f 

The natural proportion of oxygen in the air is about 
20.93 per cent., but when in close rooms and unventi- 
lated schools and churches, &c., it is reduced to 20 per 
cent, the air is very bad. In such circumstances there 
would be about 1 per cent, of carbonic acid, or twenty- 
four times as much as there should be. Where many 
human beings are congregated closely together the air 
is vitiated, not only by tiie absorption of oxygen and 

* From " Physiology of Common Life," by G. H. Lewes. 
f JF^tjrper cent, of oxygen to fifty of carbomc slcIOl 'wikSL \aSi «u Tixasv 
aJtbong^h a candle would hwrj\ in it In Vp^ ca^^ ^^ ^ ^^ exoe^k^ o^l 
OOjg that 28 so deadly. 
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a giving; out of carbonic acid/ but also by certain 
vicious exhalations from the lungs and bodies of those 
present, these exhalations being worse from some — as 
from the drunken or dirty — than fi'om others. It ia 
the same with other animals : bad air, dirt, and dump 
produce disease ; cleanliness and fresh air gi^-e heallii 
and long life. 

We have said that the normal amount of carbonio 
acid in the atmosphere is 4 parts in 10,000, In oi 
pied rooms it may soon rise to 7 or 8 parts in the 10,000 
unless the room is well ventilttted. In this condition 
the air in the room to a person entering it from the 
fresh air outside feels must3' and disagreeiiblo. 

Where the carbonic acid is greater (as it too often geti 
if a large company be present, or the gas lighted), say 
from 10 parts to 20 parts in the 10,000, the room feefs 
close or very close, as the cose may be. This closeness 
is not cauaed by the mere presence of the extra amount 
of carbonic acid, but also by the organic matter 
nnd vapours f or products of respiration and transpira- 
tion mixed up with it. 

Pure carbonic acid to a much larger amount maj 
exist in the air without being offensive, Dr. John S 
Billings says, oven as much as 150 parts in the 10,000, 
as in establishments where aparbling mineral waters are 
bottled, or soda fountains are charged, or in vaulta 
where champagne is bottled, in certain rooms in brew- 
eries, or in some celebrated baths and jiealth resorts. 
I These cases of experience with pure carbonic acid are 
exceptional, however. 

In making tests as to the purity of the air in build- 

* A dmple proof that exhale air contains H larg^ aiaoimt ol 
oarboniG acid may be liad bj breathing out thi\)agb a glass tube intd 
I a. glasa of lime wat«r. The water mil at onoe turn milky by precipi- 
tating chalk. 

t Aneneeasot Tapomin the atmospbere is not agreeable, as is found 

iFhen walking on a close, damp day. The ejietrfBe tenda too readily 

I to indnoe perapiration. In a crowded and ill -ventilated bull-room, 

I /ifier tbo air has got vitiated by wirbomo ami gaa asisli. wrtrais.'iR&.'jW" 

vapour, a feeling of enervation enanea, wluch ia not ia-iiivKoWi& \n "i 

I pijaiaal wori iamlved. 
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ings, the reason why so much stress is placed by 
chemists upon the presence of an abnormal amount of 
carbonic acid is, that where an extra quantity of this 
CO2 exists there is generally some other deleterious 
matters along with it, such as organic vapours and 
offensive suspended particles. 

An occupied enclosure that may show good air in 
daylight may soon possess a vitiated atmosphere when 
darkness comes on if still occupied and gas lifted, 
imless sufficient provision exists for carrying oSE the 
extra amount of air vitiated by the gas. 

According to the late Dr. Wm. Wallace, F.O.S., each 
person on an average consumes at each inspiration 
25 cubic ins. of air and breathes 18 times a minute. 
This gives 15*6 cubic ft. of air consumed in each hour. 
The air breathed out or exhaled contains 5 per cent, of 
carbonic acid gas,* or 22J cubic ins. out of the 450 
exhaled each minute. Now a person may breathe air 
containing i per cent, of carbonic acid with impu- 
nity, at least ^r a short time, while a larger proportion 
is more or less dangerous. Taking J per cent, as a 
basis of calculation, each person requires 2 J cubic ft. of 
air per minute, or 150 cubic ft. per hour. If a sleeping 
apartment be taken as containing 1,000 cubic ft., and 
without means of changing the air, it would — ^at this 
rate of | per cent, standard of vitiation — suffice for 
one person for 6J hours, or for two persons for only 
3| hours. 

Dr. Angus Smith says a man can only live for a few 
minutes in air containing merely 17'4 per cent, of 
oxygen and the carbonic acid up to 3*49 ; so that in 
this case of a close room with two persons in it they 
would have fainted and perhaps be dead in, about, or 
before 18 hours (see page 26), owing to having con- 
sumed about 36 cubic ft. out of the 210 ft. of oxygen 

* Having not only reduced the proportion of oxygen from about 

21 in the 100 to 16, but also raised the carbonic acid from *04 per cent. 

to nearly 5 per cent., bo that exhaled air, as we BhaU see target o\\., Sa 

a dead/jr poison, whose evil effects in enclosuiea xeqvnx© ^ "Vi^ V«^\. 

fowxi bjr carrying it oft and by large diluUon.. See "pagea XI wtA \^ . 
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in the room at first. Their death ivould he accelerator 
by re-breathing the vicious air exhaled from the lungs 
and the vapour from their bodiea. This breathing ot 
air with i per cent, {or 50 parts in 10,000) of carbonid 
acid is like beginning to take alow poison. The firaft 
dose does not kill ; it is only one step, but it ia a step 
in the wrong direction. 

A person coming suddenly into an enclosure whei^ 
tho oxygen was reduced to below 18 per cent." would 
succumb more quickly than one who was in the enclo- 
sure while the oxygen was higher. 

A tallow candle may go out. Dr. Angus Smith said, 
when the oxygen ia reduced to about IS'O per cent., 
but he afterwards found (as per page 26) that if tht 
tallow keeps melted the candle keeps in longer, and 
until the oxygen is leas than this — viz., about 15" 
per cent. 

If two or three candles are lighted in an air-tight 
chamber, and fixed at different heights, tho highest 
one, A (Fig. 4), will go out first, as 
the heat from combustion causes 
the carbonic acid gas to rise up- 
wards to the top of the enclosure, 
and take the place of the consumed 
oxygen. 

In like manner the air in the 
galleries of badly-ventilated the- 
atres, churches, and halls will bo 
often very much vitiated and dis- 
agreeable, while that in the pit or 
nearer the ground ia comparatively 
pure. The air of a church, which may be pretty good 
m the forenoon, if badly ventilatetl, will— by tha 
general diffusion of the air iu tho interval — feel very 
had and stuffy in the afternoon. Some people absent 
themselves in the afternoon for this reason. 

Coal gas is a great spoiler of the air, but its bad 




Fig.i. 



bimiaoa 



II " prodace the deleterious effect It ia 

I """" «"'! Asa tietai lajged to about 3 per cent. 



m^wA floalt ■Cur >: 
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smell generally acts as a warning when It is escaping. 
Its smell is felt when there is one part of it in 1,000 
of air, and becomes very ofEensive when it is one 
in 750 or one in 500. If the gas has been escaping so 
much as to amount to one part in 11 of the atmosphere, 
then it explodes on the introduction of a light. Where 
there is an escape of gas, lights should be kept away and 
the escape stopped or the gas turned ofE, and the place 
well ventilated before a light is admitted. 

Each gas jet will vitiate and heat up the air as much 
as three or four persons,* hence the ventilation provi- 
sion that may be sufficient before the gas is lighted may 
be far. too little after that. This want of ventilation 
and the consequent presence of bad air in rooms has a 
very bad effect upon the health of the inmates, and in 
many cases when illness sets in tends to retard the 
recovery of the patient, and in some instances may turn 
fhe balance at a critical moment the wrong way and be 
the cause of death. As there is a great difference in 
the amount of organic matter in the breath when sweet 
and when disagreeable, the attendance of a nurse with 
a bad breath might be a great — though unnoticed — 
cause of offence to a patient, especially in a badly- 
ventilated room. 

A high standard of purity in the air we breathe 
should therefore be aimed at, at all times, and especially 
in the sick and convalescent rooms. It is the exception 
to find bedrooms with provision for carrying oft* the 
vitiated air at the ceiling. This is very short-sighted 
policy, seeing people spend so much of their time in 
them. Bad ventilation has a deleterious effect upon 
the electrical condition of the air, pure air being 
positively electric, while impure air is negatively 
electric. 

A person to be kept in full health needs 2,000 cubic 
ft. of air per hour, some doctors say 3,000 ft. per hour. 
Now, as the cubic capacity of many bedrooms is only 

* Hi the burning oi gas a large q-oantity oi suVpkvii \b ^Nen c®. \sl 
^e shape of Bulphurona acid, which changes into a^s\p\tarwi ^^^aSl, «xxSl 
besides being hnrtfol to health is damaging to iumituie,\)Oo'^, 5j.ii, 
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about 1,500 cubic ft., or even less, how is 16,000 cubic 
ft. of fresh, air to be supplied for an eight hours' occu- 
pancy if there be no provision for ventilation ? 

The atmosphere of many bedrooms in the morning 
before their windows aro opened to one entering off the 
fresh air is like that of an ashpit ! 

Reference has been made to the abnormal presence of 
carbonic acid gas as a test for the quality of the air in 
apartments. Another test, especially fur the organic 
matter and vapours exhaled from the iunga and given off 
from the skiu, is that introduced by Dr. Augas Smith, 
of JIanchcstei for finding tho quantity of albuminoid 
ammonia which the an contmns Other tests are re- 
ferred to in specnl chapter With the air exhaled 
from the lungs in breithmg there is also sent out a 
considerable amount of watery vapour, the presence 
of which is eamly proved b\ bieathing upon cold glass, 
when the vapour condenses into water.* In a well- tilled, 
badly- ventilated hall or church, this vapour may often 
bs seen running down the windows and walls when con- 
densed. In twenty-four hours a man will exhale about 
11 0Z8. or 19 cubic ins. of water, so that an audience 
of 1,000 persons in a church or hall will give ofi in two 
hours from the lungs and skin about H gals, of water, 
the amount of carbonic acid gas exhaled being about 
1,500 cubic ft.,t with which gas is included organio 
debris from the limgs of the liealthy and tho un- 
healthy. In the latter case germs of disease being' 
probably often thrown off into the atmosphere of 

• VapoTir iioudenssa only on some solid body. lEirge or small, 
lience in the atmoHpliere vapooi ooudenBes on the dust partiolea floatingf' 
in tlie air. Mr. Jolm Aitken, of Dairoch, iutcnted aa instrument tat_ 
eiuilding an obworer to calculate tlie number of dust particlea in ft' 
giTea quantity of air. Ho read a, paper on the subject to the Eoyal' 
SodelT' of Edinbnrph. Tho procpsH was eiplained in tha OlasgaW 
Strald tor Feb. loth, 1890. In aDtuuI experimpnt, Mr. Aitken found 
Qa dust particles amonnt to 3,300 in a tubic inch uf clear air in a 
SKmntoinouB district, while in fie air of a town they ranged from 
IBO.OOD to 2,300,000 in a cubic inch. Fanny inhaling .50,01)0,000 erf 
dost particles at one inspiration ! The valne oi \kc 'vliims a& % ^fdat 
WiS be better apjireciotM when we know w^V i\. aa^jes \ia Winv. 
f In the (larbonic add eilaled tlicro will be aWoli asiina^'»:S«»D 
tain jcwt. of ooala. 
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the place, so that ia crowded and imventilated halls, 
churches, schools, &c., it is well to breathe through the 
nose, in order to utilise it as a filter. When people 
meet together to worship God they should consider it 
dishonouring to Him to do so in an impure atmosphere. 
When they send their children to school they should show 
their love for them by insisting that the atmosphere of 
the schoolroom shoiud be pure and comfortable, and 
men should have sufficient chivalry, for the sake of 
their wives and children, as well as common sense for 
their own protection and well-being, to see that means 
exist for keeping the air of their houses sweet and 
healthy. It is only too notorious that in the past all 
this has been too much neglected, but the demands for 
improved sanitation now being made augur better for 
the future. 




CHAPTER II. 

Opinions and Exferimests oy Ventilation. 

It will be both useful iind interesting to quote here 
tte opinions of some of the eminent men who lived ia 
the second quarter of this century, as contained in the 
*' Report from the Select Committee on the Ventilation 
of the Houses of Parliament," dated a.d. 1833. 

George Eirkbeck, M.D,, in his evidence says, in. 
reference to ventilating a room : — " It must first be 
known how many persons aro to occupy the room. 
Then what impression they will make upon tho atmo- 
ephere within it. Then what apertures for admitting 
fresh air, and what nimiber for allowing exit of foul 
air, and their area," He would admit fresh air from 
_the external atmosphere, and thinks the atmosphere of 
a large assembly should be about 60°, but they should 
not be pestered with streams of air coming in at win- 
dows and doors, &c. He proposes passing the air into 
a room from a large chamber below, where it could be 
tempered. He objects to cold draughts on the people., 
" 54. What is the speed of a pleasant summer breeze 
in the open air P— The motion of air moving at the rate 
of 2 or 3 miles per hour is just perceptible ; we call air 
moving at the rate of 4 miles or 5 miles an hour a 
breeze ; at 10 or 15 a pleasant brisk gale, beyond that 
it becomes a wind ; and when moving at the rate of 50, 
60, and 80 mCes an hour it becomes a storm, tempest,, 
and hurricane." * 

• These designations given by Dr. BirfbecV 4n iwA ^^sso!* «*^ 
^tb what Dr. John W. Tripe BW.d in Ma aflArwa aV "Cas — 
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From 4J to 6 ft. a second ordinary speed of current 
up a chimney, or about 3 or 4 miles an hour. 

In good ventilation the change of air should take 
place without being perceptible. 

the Sinitary Institute at Worcester in 1889, on " "Winda, with some 
Eemftrks on their Sanitary Effecta." Inter alia Dc. Tripe said : — 

' ' The relations between wind velocities and pressure were until 
lately in a chaotic state of confuairm. but, thanks to Mr. Dines and his 
late father, we now have fame definite information on the subject. 
Th(^ erected a whirling' machine, driven at various rates bj a steam 
engine. The machine consisted of a. long- bar, sapported by BtBys, 
carrying plates of diSerent shapes and sizes, and, for the purpose of 
comparison, a uniform velocity of 20-86 miles per hour was finally 
adopted. Tlieresnltshowedthat with a velocity of El miles per hour the 
pressure exerted upon a plane area of a fairly compact form ia about 
1 J lbs. per square foot. Aa the wind pressure up to a velocity of 70 
miles per hour has been found to vary in these experiments aa the 
square of the velocity, the prCBSUre with any intermediate velocity can 
be readily calculated. If we take the pressure of 1 lb. per sqnare foot 
as a basis, it is found that a velocity of 17 miles per honr givea this 
pressure. This varies, however, toa certain but small extent, acoord- 
ing to the size and shape of the plate. 

"As Beaufort's scale is used not only by seamen, but by moat 
meteorological observers, to eipreas the velocity of the wind, I give 
the table adopted by the Meteorological Office, and used in the oom- 
parisoQ of weather with storm signals, and by captains at sea : — 

Form. AppniTimate 

Beanfoit's ■ Velocity. 

Bule. Milci p« bonr. 

0. Cahn 0—5 

1 . Light air, or just aufficient to give steerage way . 6 — 10 

iOr that m which a well- / 
conditioned man-of-war, 1 1—2 knots 11—15 
with all saU set, and clear < 3— i ,, 16—20 
full, would go in smooth I 5—6 „ 21—25 
water from \ 

a. Fresh . . .• Royals, &c. . . 26—30 

6, Strong . . ■ \ ,^ ,l„( ; i' Sinu-le-reefed tops^ls 

i whhi and topgallant saUa . 31—36 

7. Moderate gale f^^^.~^l Double-reefed topsaU 



10. Whole gale, or that with which she could scarcely 

bear cloae-reefed maintopsail and reefed foresaid 

II. Storm, or that which would reduce her to storm 

Btayaaila ...---■ 

^2- SamcBne, or that which a 



45—52 

53— ao 
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Michael Faraday,F.Il.S.,* says; — "Airs do not mix 
80 suddenly as is generally supposed, althoujfli they 
inevitably mix if time be allowed." He considered it. 
ivas not advisable to attempt to restore a vitiated, 
atmosptere by the oi-fificial introduction of oxygon, 
but rather to draw on the free atmospheric air. " I do 
not think," he says, "you could restore a vitiated atmo- 
sphere. Tou could restore the oxygen, but you could 
not take away the deleterioua matter which has been 
communicated to it. The way to do that is to carry it 
off bodiii/." He prefers the air heated by hot-wat«r 
pipea or steam. In a large company, where ventilation. 
18 deficient, discomfort is felt not merely from the 
inferior quaKty of the air tut also from effluvia rising 
from so many persons. A man destroys about a gallc 
of air per minute, a cubic ioot iu 6 mins., or 240 ft. in. 
24 hours, but he ahoiild get ten or twenty times that 
for health. t Faraday also says that when the air is 
heated to a high degree by metallic or other surfaces, 
as by Perkins's stove, it requires the vapour of water 
to be communicated to it. 

William Thomas Braude, F.R.S., says : — " In regard 
to ventilatiou, the great point is to earry off the foul 
air, which, I think, is most efficiently done from or 
near the ceiling, and to do it in such a way 

"There ore, of courui, aorionfl diffiimltiea, especiallf in Hteamsliipa, in 
Datinff according: totMs acale, but obaervera on land can hooq judgti hi 
to what plnca in Uiaaa scales a wind at a giTen time ahould be asuigTied, 
bat as wind comes in gnst», observations made only from a flhorb 
period can scarcely bs so useful as a oontmuous record Bucli aa that, 
givan by Robinson's or other anemometer. Mr. Laughton, liowover, 
objects to the velocity fixed for a calu sn beiiigf tuo Mf^li, andsay», 
that anything like 5 miles per hour duriug a oalin would be oansed by 
DcoasianBl poffa of wind. Also that tho hisbcEt is too low, as 
tropical cydones the velocity frcqncntly excocda 90 or 100 mileB, a 
!Ur. Thorn, judging- from the damage done in these stormii, is _ 
opinion that the volocity often eioeeds 120 miles per hour. Thx* 
03tiraa.to agrees fiiirly well with Greely's stiitcm^ntH.'' Dr, Trii ' 



paper is published in the " Transactions of the Siuitary InaBlnte, 



II Wi.x. 

• Bom in 17B1, died 1SB7 (ho diod pooT bat ttmniTi^ . 
L f IJiia is very mncli leiw than mectunl muu ivow cvffl. lor 
r page 12, £o. 
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guard against all possibiUtij of deacmding ctn-renta tf 
cold air"* 

Each person may be said to epoil about 18 cubic ma. 
of air at each reapiration, or 21,600 ciibic ina. per how:, 
or about 3,600 cubic ft. in 24 hours. 

David Boswell Keid, M.D., r.R.S.E., t prefers fresh 
air taken in from some height above the ground, where 
the ground is damp, or where the ground air is other- 
wise damaged. He would like means taken lo cool th* 
incoming air in summer a& well as to heat it in winter.. 
With furnaces you can carry the air downwards as well 
as upwards. Cold air in motion would be called 



/ 1 -v 



draught, while warm air at the same speed would i 
bo objected to. 

He says warm air should be distrihuied low down, ar^ 
one local current of hot air might all rise to the ceilinfi 
and leave the lower part o£ the room quite cold. 

He prefers a ceiling rising slightly towards tlu 
centre, as per Fig. 5, to a flat one, as per Fig. 6. 

Dr. Reid prefers the vitiated air to be carried off a 
it ascends — ^not to make it descend — considering the 
former to be the more natural plan. 

In his " Special Physiology, ' Professor J. G. McKen- 
drick, F.R.S,, states that Joseph Black discoveretj 
carbonic acid gas, or '* fixed air," as it was termed i" 
1754, and three years after found out that it wi 
injurious to animal life, and also that it was prodncc 
in the process of respiration. After Priestley had dis-i 

' This is nn idea wMeh Tredgold rather ncgliioted, but whioli l 
writer baa been carrying ont iu practicB oi ^te ■jcaw. 
f JBora ia 1805, died in 1863. He went tovJaB^nn^miVi wn 
teic tbe veatUation oi military hoapitak througlioAit tiiB ?rta\fi«. 
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covered oxygen in 1774, Lavoisier showed that while the 
air lost oxygen largely in breathing, it gained carbonic 
acid to about the amount of the oxygen lost. The air 
expired also contains a little more nitrogen than that 
inspired. The amount of aqueous yapour in tho air is 
great when the temperature is high, and small when it 
is low. 

In an occupied room at a high temperature, with the 
people in it exhaling air containing one-fifth less 
oxygen and 100 times more carbonic acid than the 
normal atmosphere, and said exhaled air being also 
charged with aqueous vapour, and mayhap containing 
traces of ammonia and carburetted hydrogen, &c. — it is 
no wonder that the room soon gets disagreeable owing to 
bad ventilation. 

During sleep about 25 per cent, less CO, is given 
off than when up. 

It was stated on page 10, that a man might live only 
for a few minutes in air containing only 17*4 per cent, 
of oxygen and the carbonic acid gas up to 3'49 per cent., 
but Professor McKendrick says that if tho poisonoua 
carbonic acid gas could be carried off, and its place 
taken by an inert gas like nitrogen, then when tho 
proportion of oxygen did not fall below 15 per cent., 
respiration would be normal ; fram 15 to 7 per cent., 
respiration would become deep and prolonged; from 
7 to 4J per cent., respiration would be carried on with 
great difficulty ; and beloiv this amount there would be 
risk of immediate asphyxia. In making this experiment 
there -would be difficulty in preventing tho accumulation 
of the carbonic acid gas, so that inhaling oxygon in this 
manner is not a likely thiag to happen in actual life^ 
and could hardly occur except in some place where 
gases were manufactured. 

Professor McKendrick saya further : — " The object of 
ventilation is not only to introduce fresh oxygen, but 
to dilate the carbonic acid and other deleterious matters' 
mentioaed to their normal amovmt. ^vxie ws wmlM»s». 
of CO^ about 4 vols, in 10,000. It Vaft Xseeii- ^iSCft^wiK&!e&. 
that air eontainiag 1 vol. per IjOQ^i I^ot \ft Y^^tf^A^o 
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10,000) of COg has a sensible odour,* and may be re- 
garded as impure, and it has been established as a 
principle in ventilation that the amoimt of COg present 
ought never to pass 7 per 10,000. 

" To dilute COg from '07 per cent, to '04 per cent, f 
would require about 2,000 cubic ft. of pure air per head 
per hour. A larger quantity is necessary in the wards 
of hospitals. The practical problem in ventilation is to 
supply this amount of air, by such arrangements as will 
secure freedom from colds and draughts. 

" Such gases as hydrochloric acid gas, sulphurous acid, 
nitric acid gas, ammonia, nitrous acid, and chlorine are 
practically irrespirable, because they produce spasmodic 
closure of the glottis, and their irritant action has 
nothing to do with respiratory exchanges. Other gases 
reach the lungs, and there either interfere with the 
normal gaseous exchanges, or, entering the blood, com- 
bine with one or other of its constituents, or have a 
poisonous action on the tissues. Under this category 
we may include carbonic acid, carbonic oxide, sulphur- 
etted hydrogen, phosphuretted hydrogen, cyanogen, 
and arseniuretted hydrogen. Carbonic oxide, or oxide 
of carbon, formed during the imperfect combustion of 
carbon, is a poisonous gas affecting breathing, even 
when existing in the atmosphere to the small amount 
of '001 per cent., J and rapidly destroying life when 
present to the extent of '1 per cent. The blue flame 
that rises from lighted coals or wood is oxide of carbon. 
It is produced by burning coke, and by badly going 
stoves." 

Dr. Angus Smith's ''Air and Rain," published by 
Longmans, Green & Co., London, is a book that 
should be read by all who take an interest in the con- 
dition of the atmosphere and its relation to health. 

* So that, as Dr. Angus Smith says, our senses, such as that of 
smell, are quite right when condemning the air of crowded rooms as 
tainted. 

f That is from 7 parts in the 10,000 down to 4 parts in the 10,000. 
/ '001 per cent = 1 part in 100,000, and -1 per cexA.. = \ p^«\. *\sx 
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" Cbildrcn thiuk a vessel full of iiir ia empty." How 
many thousands or hundreds of thousands of years did 
it take to teach men that a ^"es^el with nothing but air 
in it was really full of something and that something 
aa much real matter as the aand they trod upon P 

Dr. Smith saya : — We live in air, which flows con- 
tinually into our blood, hence the state of the air in 
which we live is bound to have a great effect upon us, 
which effect ia produced by the character of the air, 
and also by its temperature. The average condition of 
the air of a place is its climate. 8ite has an important^ 
efEect on health. Persons living in a swampy district, 
and suffering from ague, may be cured by good drainage. 
Cold and so-called " bracing " weather is death to 
many. Far more people are killed by cold than by 
heat. 

It was long a popular notion that the colder the water 
one washed with in winter the better. Dr. B. W. 
Itichardson helped to knock this superstition on the 
head, and pointed out its cruelty in the case of children. 
He advocates the mixing of some hot water with the 
cold, so aa to take the chiU off. Washing with water 
at 60' is much more sensible for the majority of people, 
than using it for that purpose at 40° or loss. " The 
colder the healthier '* was only equalled i^i its absurdity 
by "the dirtier the saintlier," or "sccntlier," as Dr. 
J. B. Russell suggests.* 

Dr. Smith points out the great danger from allowing 
unwholesome or putrid organic matt-er to get into the 
system. In the case of infectious germs the amouni. 
in many cases is not, per se, what causes evil, but the 
enormous power possessed of self-multiplication under' 
favourable conditions. So that half-a-dozen may soott 
develop or increase into millions. 

In practice small differences in the normal amount 
of the oxygen- or the carbonic acid may indicate 
important contomiaation. It would not be pleasant to 

• Another exprenmm was ' ' The claiticr ftie cowiei " \raSj *Si. las 
alike anhygienip. and oppoawl to tllO aiQQiii ftiat " C\H»;^troR»i ' 
indetid next to irodlinint '' 
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live in such an atmosphere as indicated by 20*775. 
20*6 is the proportion of oxygen marking the begin- 
ning of very bad air. 

The air of every house is liable to show a diminished 
amount of oxygen from the normal amount, outside, and 
especially at night when the gas is lighted. A certain 
amount of diminution from this cause — if not too much 
— ^is not so injurious as the presence of a small amount 
of vitiated air from the house drains or sewers, or other 
polluted source. 

In the following close places Dr. Smith found the 
carbonic acid very high : — ^Theatre, '2734 ; study at 
table, with four persons in the room and gas lights and 
large fire, '1177; at the ceiL'ng, '1561. In a school- 
room, '0970. In a midden, '0805. So that the midden, 
so far as the carbonic acid gas was concerned, was the 
purest of the lot ! * An increase in the amount of car- 
bonic acid gas is much more hurtful if it is accompanied 
with gases of putrefaction, so the midden gas if so 
accompanied, as it likely would be, might yet be the 
most dangerous of the lot to inhale. 

When people speak of good ventilation in dwelling- 
houses, they mean, without knowing it, air with less 
than '07 of carbonic acid. In the air of some well- 
ventilated hospital wards, in or prior to 1872, Dr. 
Smith found the mean air as follows : — 



Day. 


Midnight. Mmning. 


Carbrn;c 
acid. 


Oxygen. 


Carbonic 
acid. 


Oxygen. 


Carbonic 
add. 


Oxygen. 


Per cent. 
•0463 


Per cent. 
20-92 


Per cent. 
•0677 


Per cent. 
20-886 


Per cent. 
-0694 


Per cent. 
20-884 



On visiting an unventilated law court on one occasion 

* The njidden Lad only 8 parts of CO2 in the 10,000, while the 
theatre had 27 parts, or more than three times as imu^. 
Meffarding thia Mr. John Foggie, E.C.B., oi "Umver^Jty Cci^Ve^^, 
Dundee, writes me that he capped this by ftndmg t\ie s^^ oi >i)tv^ ^vc 

! 
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tte air on entering felt extremely warm and luipleaaant, 
and even after some minutes it waa not to be voluntnrily 
borne. The air about 8 ft. from the door a few feet 
above the floor showed oxygen 20'6500, and at the 
luntem at the roof about 4.30 p.m., 20-4900. There were 
a number of people in tho court, so that the air was 
extremely vitiated. Smoking concerts and assemblies 
are often rendered very unpleasant after a time owing 
to want of proper provision for ventilation. 

TVehrle says : — " It is well known that tallow goes out 
where oil burns well, and that the common mine lump 
goes out when the Argand Limp with the same oil bums 
clear." Apart from explosion, therefore, the tallow 
candle would be the safest for testing the air of a well, 
&c., before going into it or while working in it. 

In December last the writer made some experiments 
by burning candles in a close cham- 
ber to see how long thej' would 
j bum, A pipe, Fig, 7, G ina. dia- 
meter, close at top and bottom, and 
17^ ins. long, and with a small 
air-tight glass window, had a short 
I piece of tallow candle lighted in it. 
I The candle went out in 1 min. 35 
In another trial with fresh 
f tir the candle went out in 1 j mina. 
I the pipe was then re- 
I Hewed and a composite candle tried, 
ivliich bumed 2-^ mins. With one 
diameter hole at top and 
} same at bottom the composite candle burnt for 
_ I mins. Towards the end the flame would go down 
II if going out, then it would revive brightly, then fall 
"-in, and revive until it finally went out. With two 
I, diameter holes at top and two at bottom the com- 
oate candle burnt on but somewhat duU. With only 

■Htr Majeaty'a Theatre at Dundfc to be,at lialf-time, iuthe ^Ikrj, 
]|*olB.j)erl 0,000 and ID tie pit over SO vols, in VQ,*WCl. "ao "OaPatia 
He refers to this as aji instance ol lie eiluAci SjQ'i^d 
IT roof of p;t and c^r^eIlt^ ol ail had to 4q Vifc 'A»a- 



Fig. 7. 
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one hole at top open and two at bottom the composite 
candle went out in 7^ mins. When a tallow candle 
tried with one |-in. hole open at top and two in bottom 
it went out in from 2;^ to 3 mins. 

In an experiment with fresh air,* and the vessel or 
pipe all tight and two composite candles burning, one 
4 ins. high and the other 1 in. high, the higher one in 
one ease went out at 55 sees, and the low one at 
95 sees. With fresh air and tried again the top one 
went out at 68 sees, and the low one at 80 sees. 

In order to personally test the air in confined places, 
Dr. Smith made a lead chamber, as per Fig. 8, size 
about 6 ft. by 4 ft. and 8 ft. high, the cubic capacity 
being about 190 cubic ft. It had large glass windows, 
so that a person left in it could easily break out if not 
let out. The door was made tight by an india-rubber 
tube being squeezed. With a table and chair and one 
person in the enclosure, the air capacity was reduced 
to about 170 cubic ft. His first experiment was by 
sitting down in the chamber for an hour and 40 
mins. This gave 1 per cent, of carbonic acid. There 
was no certain difference felt for the first 25 mins. 
The temperature was 45° Fahr., and the air became 
moist. After one hour the unpleasant smell of organic 
matter was felt, as is often perceived in a croivded 
school. After one hour the air also felt soft from the 
moisture in it. This moisture in the air has a tendency 
to leave the skin and its action unchanged. It allows 
little evaporation owing to the air being moist already. 
The disagreeable effects of this are felt on a rainy day, 
especially if it is also close and warm, when walking. 
Dry air, again, stimulates the skin because it absorbs 
moisture. We all know the exhilarating effect of a nice 
frosty day when the sun is shining. At the end of 
100 mins. the air had an unpleasant flavour or smell, 
and Dr. Smith came out. Three persons then went in 
at once, and pronounced the air to be very bad. When 

* The vitiated air was put out and replaoed "Vxy ixe^ iot ^swStL ^-s.- 
penment. 
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Dr. Smith was in aud sitting quietly he did not feel the 

badness of the air so much, but when moving or walk- 

i' causing the air to move he felt the unpleasant 
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lalitv of the air. In another stay of IfiO mins, the i 
air felt very close,, oxygen reducci. Vi \^''ciV"^'t 'y«='" 
In an experiment with four m.meT'&coaftliia'wi.'^*^ 
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ber, and no person inside, the candles went out in S he 
and 10 mias., the carbonic acid being 2'28 and tl 
oxygen 18-80.* 

lu another experiment wi th eight candles, one paraffin 
lamp, and one spirit lamp, all the candles were out ii 
93 mins. ; the highest first, the paraffin lamp it 
98 mins., when the carbonic acid was 2'32 and th( 
oxygen 18'48. The spirit lamp stayed in for 150 mins., 
when the- carbonic acid was 2*45 and the oxygen 18"40^ 
Afterwards gas was lighted, and burned well for a 
time and then went out Upon entering after the ga( 
went out candles were extinguished as quickly a.s Ji 
dipped in water. NevertheleBS Mr, Smifli and thoaf 
with him breathed, but felt very uncomfortable. TJpo? 
standing up upon a chair a feeling of faintnesa ensued 
"When the gas went out the oxygen was reduced tti 
17 "40 per cent. 

Dr. Smith drew the conclusion from these ex- 
periments that the senses are no proper or saft 
guide as to the degree of danger. People may gel 
alarmed as much when the carbonic acid is O'l 
cent, as when it may be about 4 per cent., 
forty times as much. After breathing the vitiated ailS 
above described for a short time, a great feeling d 
relief was experienced after coming out of it into th^ 
fresh air. Although a man can continue to treathi 
where a candle, and especially a tallow one, will nol 
bum, the sooner he gets out of that place the safer foj 
him. Some persons, again, will succumb in bad ai^ 
much sooner than others. A young, healthy lady went 
into the chamber after the candles had been burning 
for a time and were threatening to go out, the oxygei 






* Althoiigli in tho chiimber o£ 170 enbio ft. capacity the 
went out a» above when the asy^ea wsb reduced to IS'80 pc 
yet upon making some cxperiinenta bj bnimag candlea in a small tilk 
Teasel, 2 ft. Mgb by 9 ins. square, he foun.d the commoii d^ 
tallow candle to bnm much longsr, yiz., till tie oxygen was redaoe< 
from 16'2 to 16'2 pec cent. In this latter caae the tallow remainod 
melted below the burning wick much longer tbau in the lead chamlmt 
xtpeiiniEnta, probably beoausa the Bmall 3-St. tigh -iesBel waH 

Seated easily by the candle in it So that the omct ^oiiA ol li-s&iuA'iOTtr 

■^a oaadle will vary •/dth circumeiauces. 
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being bai'ely 19 per cent, and the carbonic acid 2'1. 
There bad not been any person in the chamber, so that 
tbero was no organic matter in its atmosphere. She 
stood five minutes perfectly well, and making light of 
the matter, but she suddenly became white and could 
not come out without help. 

In another experiment with the oxygen 20'19 and 
carbonic acid to the extent of 3.84 driven into the pure 
air, two gentlemen got headaches at once, and could 
only stay in the chamber about seven minutes, while 
'Dr. Smith himseK managed to stop in for twenty 
minutes, but feeling very imeaay. His inspirations 
were quickened to 26 a minute, as against 20 in his 
normal condition. 

After all these experiments we come back to this, that 
badly ventilated rooms containing less than 20'7 per 
cent, of oxygen and -07 per cent, or more of carbonic 
acid are very unwholesome, this diminution of the 
normal amount of the oxygen and increase of the 
carbonic acid being an indication of the presence of 
other deleterious matters, organic or otherwise. 

In regard to schools, Piofessor Thomas Cumelley, 
F.C.S., says the carbonic acid should not exceed 13 
vols, per 10,000, He has found it as high as 37-i 
in some Scottish schools,* and 35 '4 in Parisian ones, 
while in German schools the carbonic acid has been as 
high as 57'8 vols, per 10,000 — a most disgusting state 
of mattei's for both teachers and scholars. 

• In one Bchool the liead teacher told nie tliat Bomo of the ohildrBn 
tnmed sick at timeB with the bad air. By "Bhould not eioced 
13 vols, per 10,000 " is likely meant that liia should he the niftiimum 
at closiag. Less than 13 vhIb. per 10,000 ahoiild be ainiEd at, 
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CHAPTER III. 

Smell as a Test of Impurity. 

While Dr. Angus Smith lays considerable stress upon 
the value of the sense of smell as a safeguard or warn- 
ing, Dr. Carnelley says the smell of a room is a very 
unsafe guide as to the state of the ventilation, as said 
smell depends so much on the temperature and on the 
hygrometric state of the air.* The air in a room at a 
comparatively high temperature may smell very much 
worse than that in one at a lower temperature,^ although 
the air in the first case may be purer than that in the 
second. He does not think that any system of ventila- 
tion will keep the carbonic acid down much below 
12 vols, per 10,000 in the present overcrowded state of 
the schools. Even the air of a mechanically ventilated 
school is not usually free from a certain amount of 
smell, though frequently so ; nor can we expect it to be 
so with the amount of carbonic acid averaging nearly 
12 vols, per 10,000. But care has to be taken to dis- 
tinguish between a warm feeling on entering a room 
and a really close stuffy smell, for frequently the one 
is mistaken for the other. 

" A mechanically ventilated school, when the fan is 

stopped, is worse as regards CO2, and feels closer than 

an ordinary school — though it is never so bad as regards 

micro-organisms, even when the fans have been stopped 

for a long time." See chapter on Micro-organisms. 

In some experiments made by Dr. Smith as to the 

i- rise of temperature y in the before-mentioned leaden 

^^^b^^ber, caused by the presence o? a inaTi, and in 

* ^^See page 26 re Dr. Smith as to the d^gfree oi^aii^e5,«iA««fe^. 
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IfbthcT instance by a paniHin light Lomiii^, be found 
that in fifteen minutes tiie air in the middle of the 
chamber was raised 7" Fahr. by the presence of a nun, 
and 9'o^ in one hour, and when the tempeniture 
at starting was 44^, in two hours it rose to -SiS" Fahr. 
^ith a paraffin lamp and the temperature at start 
42"7° Fahr., in fifteen minulea it rose to 44', in ons 
hour to 46'3-, and in two hours to 47,?. In the« two 
cases there was no ventilation or change of air in the 
chamber. The man therefore gave off much more heat 
than the parafSn lamp. A man gave aboat double the 
amount of carbonic acid a sperm or paraffin candle did. 
Thus a man in an hour prcdaced '6 of carbonic acid to 
100 ft. of air, a cnndle -31. 

Extra heat relaxes the exertions of both body and 
mind, especially when the air is saturated with moisture." 
When the temperature rises, and organic matter is pre- 
sent, it becomes more oSensire with the extra heat. 
Places that may not feel offensive in frosty weather 
soon do so after a thaw has set in and the temperature 
rises if matter to cause offence exists. Putrefaction 
is facilitated greatly when the thermometer rises to 
55^ Fahr. 

Dr. Smith says :— " It is not right to demand as much 
air for ventilation on a cold day as on a wami ; it is not 
right to break the windows of patients in winter, and 
to tell them that fresh air is better than heat.t The 
chemical action, and with it the feelings, demand warmth 
first above all things. It is the verj- first demand, as 
no function can go on without it. You may live hours, 
days, or years in badir ventilated places with more or 
less discomfort and danger ; i but a draught of cold air 
may kill like a sword almost instantly. In the railway 
carriage as well as in the house the great instinct 

• At off" Fiihr.— the temperate range— the body, if in motioa, mrnj 
feel WTina enoiig-h ; bnt seated, a higher heat, such as 60^, may be moi9 
acceptable. Below S5° it luay be difScnlt to \fep up the animal be«t 
vithoQt exerdae or extra cloUiing'. 

t People«lioiiIdairtheirrooiiiHwdl,lK»WCTei,n.\.i^^i»'*^'«!&«*> 
oeeapied. 
1 Lite the Joil-baming candle on pagt?: U, 
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spring from the earth, being formed by rain 
heat of the sun. In the absence of the microscope, 
M-ith chemistry still but an undeveloped germ, it was 
quite excusable to suppose that the low forms of life, to 
be seen in wayside pools, had originated from the mud. 
" Protoplasm " Lad not yet heeu invented, and it waa 
never imagined that these supposed lowest forms of life 
were, in fact, comparatively high in the scale. " Spon- 
taneous generation," or the idea that life could originate 
de. novo out of dead matter was looked upon both byi 
Greek philosophers and mediEOTal naturalists as a 
matter of coutbc. They thought evidence of its tnitb 
was patent all around them. 

This idea received a shock, however, at the hands tA 
Francesco Redi, a Florentine physician who lived about 
two centiu'ies ago. He demonstrated that maggots in 
meat were produced by flesh-flies depositing their eggs 
upon the meat. Following upon this he propounded 
the aphorism, " Omne vivuut ex vivo " (all life procee^ 
from life). The philosophers then often got puzzled ov^ 
the problem whether the egg preceded the animal or the 
animal the egg ? Some time after Redi, a Dutchman 
named Leuwenhosck, about the beginning of last cen- 
tury, invented a sort of microscope which revealed life. 
as teeming in fields before unknown. Hereupon Need' 
ham revived the problem anew, and as, after boilina 
infusions to kill the living animalculas in them anJa 
Bealing up the vessels, he found the infusions insid? 
in a short time teeming with life, he concluded he had 
proof of life arising de novo from dead matter, Up(* 
repeating those experiments more carefully, viz,, heatii^ 
the infusions higher, and sealing the vc^els while th| 
boiling waa going on, the Italian natunJist, LazaM 
SpaUanzani, found that the infusions remained inert 
Needham's experiments were therefore condemned 
being improperly carried out. 

More recently the doctrine of spontaneous generaticai 
has been upheld by Dr. Bastian, but his esperimentfl 
have been condemned by Professor Tyndall, It i? 
pointed out that tinned meats are kept wholesome 



fr%imng to being thoroiighlj- tolled, iiiul sealing thtin itp 
before tiny new germs can get into (hem, 

The quostion is not yet settled, however, for wliils 
Professor Tyndall's condemnation of Dr. Bastian'i 
experimenta are licld by some to have given the spon- 
taneous generation theory its coitp di' </rdce, Pi-ofessor 
Tyndall does not my so hijnself. In December, 1885, 
he wrote to the author :■ — " I believe now as tirmly os I 
did in 1874 that we have in matter 'the promise dnd 
potency of all terrestrial life' I believe in the nebular 
theory, and that the life which we now see upon tha 
earth is the development of a power resident in matter 
beiore it shaped itself into worlds." 

In a postscript the Professor says: — " Do not imagine 
that I profess to explain the mystery of life. It is- 
insoluble by man." 

In the article on " Biogenesis and Abiogenesis," in 
"Critiques and Addresses," by Professor Huxley, we 
read, on page 239 : — " So much for the history of the 
progress of Eedi's great doctrine of Biogenesis, which 
appears to me, trit/i fhe Hmiiatiom I have expressed* to 
bfl victorious along the whole line at the present day." 

Professor Romanes, in lately addressing the students of. 

* Some opponfintB of AHogentBia, in qnutiDg' this porflgrnpl), vp^ 
diBcreeUy omit the ais words tha.t havH been italiciaed. Now, whilo. 
thifl may be doinff evil that g^jod may come, it is not altoffi^tKoF 
honest. The " liinitationB " are Bomawhat important, and in ProfeBSOI 
Hoiley'B words [page 238) are partly as follows :— ' ' I must carefnlly 
guard myself agaiust the Buppoaition tiat I inteJid to sn^rgest that *"" 
gm>h thing as Abiogenesia ever haa taten place in tie past, or ever fl 
take plaeo in the future. "With organic qiemistrr, molecular pliTsioa, 
and piiysiologr yet in their infanoj, and every day making- prodigioM 
striden, I tKinb it would be the height of presumption for any man to 
■ay that the conditions under which matter assumes the properties ws 
call ' vital ' may not, some day, be artificially broug'hC together, AQ 
I fee! jnstifieil in affirming is, tha.t I see no reoBon for bi^viag tlut 
the teat has been performed yet." He further giKa on to say; — " Butj 
expectation is permisBible where behef ia not, and if it were givim ti 
me to look beyond the abyss of geologioallj' recorded tiniB to the stQ 
mora remote period when the earth was paasing throagh physical ani 
chemical conditions, which it can no more aee again than a man cc~ 
recall his intOJicy, I should expect to be a witness of the evolution 
living protoplaan from not living matter. I should expect (« «oe 
appear under forms of great simplicity," &c. 
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the University of Edinburgh, remarked ; — "The preaeni 
attitude of the scientific world as regards spontaneous 
generation is not one of dialwlief but of expectancy."* 
The two Bcboola of thought in this connection will be 
found in latest editions of " Modem Science and Modem 
Thought," by Samuel Laing, M.P., and "Natural Law 
in the Spiritual World," by Professor Druminond. 

In medical books germs are styled " bacteria," 
"bacilli," or "microbes." While some germs are 
hurtful others are innocuous. They are extremely 
small, requiring a good microscope to see them. Some 
are one ten-thousandth part of an inch long, others only 
half that. About four bundred millions of germs 
would find room, side by side, on a square inch. They 
are of Turious shapes ; some round, others like rods, 
and some, styled " spirilla," like corkscrews. These 
different classes breed each amongst themselves. DifEe- 
rent microbes produce different diseases. The yeast 
plant belongs to the round germs, and is about one 
three- thousandth of an inch in diameter. It is the 
cause of fermentation owing to its power of self-multi- 
plication in a suitable medium. Dampness and want of 
ventilation are favourable to the growth of such fungi 
as the Merulius lacrymaus, which produces dry rot in 
wood. To eschew dampness, dirt, and bad air, while 
valuing sunshine, aad promoting cleanliness and good 
ventilation, arc amongst the best preservatives against, 
attacks fron disease -breeding germs. 

■ In the introdactioD to Ladj Claud HoniilliiD's Iranfilatiaa at 
"IioniB Pasteur, hie Life and Labonrs," Profcaaor Tyndall eipresse* 
hia disbelief in tlie permaneace is! the surpoaod dislinctioii between the 
wganio and the inorganic. And in bis Text Book nn "Phyniology" 
(page T34) Profpasor J. O. M'Kenarirlt, M.D., F.R.8,, says of Abio- 
geaemB \ — " It is unphilaBopbical to assert the impoasbility of ibi 
ooomrenoe now or in somo past time. The intJmatD relatLonH fcutrwn 
to eiixt between phynicul, chemic^al, and vital phenomena, depending na 
the laws of the conaen-ation aud tranamutation of energy, and the. 
theory of evolntiooal development, indiijato fho probftbility of Abio* 
genesis, and it is one of tlte problems of biological science to aaoertain^ 
jUe amdieioag in which thia may occur." 
See also the JVew Seview tar 'iS.B.TKk, 1890,in ■n'VicVaieteiRatt'-vn.'Bi- 
^'awIib^flTi'jcfe on 'The Origin of AnimelB," ^jy 111. Gtaift ^Sien. 
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CHAPTER V. 

Bad Systems of Tentilatios; or 
How Not to do it. 

As we Lave said that ventilation coneists in c.irrj'ing 
off the vitiated uir, wliUe aupplj-ing fresh air, we will now 
consider fioiiie of the attompta that havo teen made to 
do so, 

- Firstly, as to carrying off the vitiated air in a satis- 
factory manner ; this has not been found in practice so 
easy to accemplish as many have imagined. All sorta 
of mistakes have been made both in the general plans 
and in details. It will be both interesting and in- 
structi^'c, therefore, to rafer to and describe some of 
these mistakes. 

About fifty years ago Mr. Thomas Tredgold recom- 
mended the style of provision shown in Fig. 9, but it 
is not satisfactory, I have bud often to condemn it, at 
schools especially, owing to complaints of inefficient 
ventilation, and the ceiling openings a and b, intended 
for outlets, often acting as inlets, and allowing down- 
draughts of cold air upon the persons sitting imder- 
neaih. When the wooden or metal valves G and H aboi^e 
I A and B were closed the ventilation was stopped. 

The louvre-boarded wooden "ventilator" on the ridge 
might let air in on the one side, as at c, and out at the 
other, as at d, up and ifoirii, according to circumstances, 
all aa indicated by the arrows. I 

A modification of Fig. 9 is ekofm 'in. T\^. Vi, ""»- 
which, as in some churchee, along o^em-a^, ^./x-^V^S. 
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in the centre of the ceiling, in the expectation that the 
vitiated air from the lungs of the hearers, and from 




: Fig. 9. 

the gas when lighted, would all go up through the long 
opening l, and out at the louvre-boarded side-openings in 




Fig. 10. 

the roof j and k. It often happened, however, that the 
■^'l air came in a£ j in sufficient quantity to blow down 
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trough the opening t,, and also out at K. On iKicount 
of thiB tlie opening i. was often pasted up as tiglilly as 
possible with hrowii paper, or otherwise clo.sed, whili 
the openingfl J and k were boarded up in the inside. 

Instead of the openings j and k, Fig. 10, a large 
round hole, e. Fig. 9, was aometimes made in the stone 
or brick gables. It was alao unsatisfactory. 

In other eases the only provision for ventilation was 
by pulling down or opening the windows at the top^ 
jSome days during mild weather, and the direction of. 




Fig^. II. 



/\ 



tlie wind favourable, this served pretty well. On other 
days again, the air came blowing in and down upon the 
children or persons sitting, in a very disagreeable and' 
dangerous manner. This causes the windows to b» 
often shut, and the ventilation thus entirely stopped. 
In some cases again, where the plan of the provision' 
for outlet ventilation is good so far, it is often marreif 
by the ventilating outlets or pipes being ftir too small^ 
or some mistake is made in connecting the pipes.* 
The sketch in Fig. 1 1 shows an example of how thq 
" In nincfr-niiiB cases out of a hTmared the outlet ventilatioj 
[dpea of chuPciieH, hells, schools, tind other planes are too gmall. ^^M 
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ventilating outlet piping from off the ceiling a of the 
interior of a church or hall, say, may be spoiled bv 
connecting the pipes improperly, as, ^.^., connecting or 
leading up a pipe b of considerable size, from the stair- 
case into the bottom of the main upcast shaft c. Even 
with a circle of gas jets at d, which could be lighted in 
calm, warm weather, to start or increase the up-current 
in the pipe c,* instead of the air coming from a, as 
wished, it may come from b, which does no good. The 
pipe B should therefore be disconnected from the bottom 
of the shaft c, and if connected to c at all, let it be 
joined up at e with a much smaller pipe. The effect of 
closing up the inlet at the bottom of the shaft c would 
of course be to cause the air to be drawn much better 
from the ceiling opening a, and so carry out as really 
intended and necessary the ventilation of the inter m* of 
the building. 

An architect who had carried out the ventilation of 
a church, about eight years ago, with the pipes a and c 
only 18 ins. diameter, said recently that if he had to 
do the same work now he would use a 3 ft. diameter 
pipe. This is equivalent to admitting that at present 
the provision for the outlet ventilation is only one- 
fourth of what it should be. Progress is made by not 
only admitting past errors, but in also avoiding them in 
future. 

Fig. 12 shows a plan often adopted for ventilating 
halls, &c., but it is very unsatisfactory as the wind 
blowing up the slope of the roof d often blows in under 
the umbrella cover c and causes disagreeable down- 
draughts. This umbrella cover is also a check to the 
outgoing air. 

Fig. 13 is much worse than Fig. 12, as the top of 
the intended outlets, e and f, being lower than the 
ridge, the wind blows down all the more readily and 
strongly. 

* The author tested, a pipe like c, about 40 ft. high and 18 ins. dia- 
meter, on a calm day. The up-cnrrent "was 1^0 'iixi^eaYi^. «i.Tci2ca>aJue, 
Ifu^ with the gaa drcle of twelve jets lighted, the craireiA TO«fe \o ^^^ 
nf. a minute. Eve minutes after the gas was UgToted. 
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"Tig. 14 indicates tlie principle of JfcKinnell's ven- 
tilator, patented Jfarcli 26th, 1855. It is formed of 
[twoeonceutric hibes; the inner nnd higher or longer 




cue, G, being for the exit of the vitiated air, and the 
outer, and lower or shorter one, H, being for the ad- 
mission of fi'esh ail'. The broad circular 




which is attached to the bottom of the inner tuhe,G, 
for deflecting the incoming f reah air along the ceiling, 
KK. In cold ireatier,liowever,t\ieaiT ofe-Q V^iia ^-sre 
nearly verHcally. NotwitliataTidva^ 'OiiMi -^?:^'^h6jK 
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being recommended by the late Dr. E. A. Parkes, in 
liis valuable ** Manual of Practical Hygiene/' I have 
110 hesitation in condemning it as a most dangerous and 
unsuitable appliance for use in connection with the 
ventilation of either schools, churches, or halls, &c., 
where living sensitive persons have to sit under it. 

I fear neither Dr. Parkes nor other parties, who 
have recommended this appliance, have sat below it, as 
the writer has done, and felt the incoming cold air 




Fig. U. 

blowing down upon them, or they would have referred 
to it in a different manner. The idea in a climate like 
ours, of purposely admitting cold air at the ceiling to 
blow right down, as, under the conditions, it often would, 
upon the heads and shoulders of those sitting under it 
is simply absurd. 

The appliance when fitted up is apt to become a 
manufacturer of influenza and rheumatism, while the 
approval of it by men like Dr. Parkes simply shows 
how persons of ability, owing to want of proper con- 
sideration, may sometimes make a mistake. 
We have heard of ** death in the ^pot" Wt death 
from the ventilator may be just a8\)a6L, 
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In a number of schools the only means ot ventilation. 
IB by the windows, and perhapa, in addition, the chimney 
of an open fire. Now, as the opening in the grate above 
the fire ia seldom higher than :3 ft. 6 in. or 3 ft., it fol- 
lows that it is a very bad outlet for the vitiated air, 
either exhaled from the lungs or produced by gaslights. 
It is far too low. 

If the ceiling is 14 ft. high or more, then the grate 
or fireplace, as an outlet, is 11 ft. or more too low. 
Being so low the warm air and carbonic ncid from the 
lungs and gaslights ia not carried off quickly, as it 
should be, but is allowed to accumulate in the space 
above the grate. This ia very bad practice, as it trans- 
forms three -fourths of the cubic space of the apartment 
into a reservoir for bad and vitiated air.* 

People are either unaware of the fact, or else they 
ignore it, that they exhale about 100 times more car- 
bonic acid gas than they inhale, and that this exhaled 
carbonic acid gas is not only poisonou.s, but, owing to 
the organic matter contained in it, much more poisonous 
than pure carbonic acid gas. 

I may here, also, denounce the bad system of ventila- 
tion existing in most of our railway carriages, where 
no means exist for carrying off the exhalations from 
the lungs of the passengers fit the roof, hut instead 
there are slits in the sides of the carriages at the top of 
the doors. Through these slits, while the expired air 
may sometimes go out so far, it is a fact that the cold 
air often blows in very strongly, especially upon the 
windward aide of the carriage. This cold nir so coming 
in is not only disagreeable, out it is also often highly 
dangerous to many passengers sitting in the draught- 
Sometimes, again, a person sitting next the carriage 
window will insist, even in cold weather, upon having 
it down a piece from the top, quite regardless of the 
feelings or comfort of bis fellow-passengers. Now, if 
there were one or more proper ventilating outlets on 
the roof (with hit-and-miss valve to open and shut aa 
a many o{ tte pAQ(i\a V\aiii. ' 
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wished), there would not be the same excuse for this, 
and far better and more comfortable ventilation would 
be got. (See Figs. 141, 142, and 143.) 

The reason why bad or non-provision for satisfactory- 
outlet ventilation has been here condemned so strongly 
is that, whereas the carbonic acid gas in the atmosphere 
normally is only 4 parts in 10,000, yet air exhaled from 
the lungs contains 4*38 per cent., or 438 parts in 10,000. 
When exhaled its temperature is about 97°, so that it 
rises towards the ceiling — as does the heated air from 
gaslights — where it ought to he carried off as quickly as 
possible. 




It will Tje quite d propos now to say a few words 
specially regarding bad styles of admitting the fresh 
air, in addition to what happened to he made while 
treating on Fig. 14. 

The oldest bad stjde in modem times is, perhaps, that 
of simply pulling down the top sash of the window, say 
six inches, or more or less, from the top, or, perhaps, 
even lifting it up from the bottom, and allowing ^e 
fresh air to blow in as it chose upon the bodies of the 
children if a school, or their elders if a church or hall, 
just as if they were so many inanimate statues. If 
colds resulted from this, these were looked upon as 
providential dispensations, not to be either guarded 
against, grumbled over, or fled from, but quietly and 
tnankfiilly submitted to. If told that this fataHam 
was foolishness, the sufferer might retort, " Na, na, ye 
needna' tell me ; if folk are to catch the cald they will 
catch it, dae what they like." Then, tapping his snufE- 
mull and taking a pinch of Taddy, or biting off a chew 
of tobacco, Sandy would march off, or turn round with 
an air as if he had enunciated an axiom. 

Quite possibly he might style me a pi-aceless loon for 
writing thus, but I am not at present thinking so much 
of the means of grace as of the means of ventilation ; 
and if good ventilation could pi-event my friend Sandy 
from swearing to himself on a cold day, why, good ven- 
']fit3on will have turned out to \jb \\,aeM a. ■measw. ^ 
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In badly ventilated buildings one often experiences 
a feeling of relief when leaving them. This is not very 
creditable, e.g., if the building is a church, as it turns 
what should be a pleasure into a penance. The elders 
in past times often managed to keep up the attitude of 
attention by the aid of snuff, if males, or the scent- 
bottle if females, but we have no record of the millions 
of kicks and pinches given to the youngsters. At the 
business meeting of the members of a church, not a 
hundred years ago, when the subject of the bad venti- 
lation of the church was mooted, even the minister 
complained, stating that in the pulpit he often felt as 
if he would be greatly the better of an umbrella to 
protect hinself from the disagreeable down-draughts; 
while another sufferer was actually tempted to misquote 
the psalm — 

" I joy'd when from the house of God 
Gro out, they said to me. 
Jerusalem, within thy gates, 
VTe're sure to poison' d be.'* 

All reasonable grounds for complaints like these should 
be done away with.* 

Another style of bad fresh-air inlets — if intended for 
tfse uhen room or hall occupied — is the hinged ones 
we sometimes see fitted in at the top of the windows 
and only a little below the ceiling. The incoming air 
in this case, as in Fig. 15, often comes in and goes 
along the ceiling the one day, the next day it is deflected 
down upon the persons sitting a few feet away from the 
window. It is absurd to bring in fresh air direct from 
the outside in this manner so high up. f It is not the 
flies on the ceiling of the room, hall, or church that 
require the fresh air, but the people sitting near the 

* It is usual in many places for the Sunday-school to be held in the 
Church after the afternoon service. The children then get the fuU 
leuejit of the day's vitiation. In badly ventilated churches the atmos- 
phere the children and teachers are forced to inhale is sometimes very 
foul. Many pulpits should have a canopy over them to protect the 
preacher. 

+ In Fig. 15 style of inlet the air sometimes goes along the ceiling 
and then falls down upon the people at the opposite side of the room. 



VENTILATION. 45 



floor-level or standing on the floor, so that tlie fresli air 
should come in no higher than ahout 5 ft. 6 in. above 
the floor, or aa much less as circumstances will pei-mit. 
The inlet may som.etiniea do well in, on, or at the floor. 
Fig. 16 shows a style of window ventilation which I 

Ilopted for some schools, whore the opening of the 
W8 served for both the inlets and the outlelt^, there 







I 



Fig- Ir). 

being no provision for outlets from the ceiling. The 
fireplace served as outlet ventOator so far, especially 
when the fire was on ; but as its opening was only 
about 2| ft. above the floor level, it was of little use for 
preventing the pollution of the atmosphere by the warm 
breaths of the children, and the warm air rising off from 
their bodies. 
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In front of the top sash and reaclimg down about a 
foot there was placed a screen of gauze or minutely per- 
forated metal a, through which the incoming air perco- 
lated or flowed. At same time, however, tnie puUiug 
down of the top saah bo far opened up the aeam between 
the sasbea at b, through which sometimes a large wave 
of cold air could come in 
as indicated by the arrows 
in Fig. 16. 

The children often com- 
plained of cold draughts 
from this arrangement. 
As one gentleman ex- 
pressed it : — " The pupils 
are between the deil and 
the deep sea; when the 
windows are opened they 
catch cold, when they are 
shut they are poisoned 
with bad air." 

The author has been 
recently examining a 
number of public schools, 
some of them rather pre- 
tentiously spoken of, and 
was very much surprised 
at the meagre, had, and 
P5g 16. in some cases even shabby 

means provided for their 
ventilation. There have, for some time back, repeated 
allusions been made to the children being overtasked 
and so breaking down in health, but discovering the 
inferior ventilation and the bad atmoBphere of so many 
of the schools has led the writer to consider that the 
public has been led off the scent in this matter, and a 
good deal of the blame lies with those school boards and 
directors who have been slowly poisoning and killing 
the children by making them breathe and rebreathe 
lir, and also forcing them to sit in cold 
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Many of the teachers have also complauietl of siifEer- 
ing for years back from the bad air in their schools, and 
from the disagreeable and dangerous draughta. All 
this points to the great prevalence of ignorance and 
careleE&neae, or callousnesB, as to the necessity and ro- 
qmrements for proper ventilfltioii.* 

Fig. 17 is a sketch of a room at Dotheboys School 




where natural ventilation is carried out with a ven- 
geance. Thia ia one of the legal means for keeping 



' "Wlutt hsH btien ti&id here, ani piibUutiDil elaewliere bj the writer, 
I just been amply snpported in a paper read before the Sanitary 
AnociatioD of gcotlaikd, on July "Jard, 1890, by Professor MattbeW 



■' Vitol StatietioB at 
u.te among children. 
betireea ten and fifteen had actually inrreased, while nervoua diacaao 
una on the increase among chUdceii of the whool age, the Bpeoial' 
moBe of mortili^ among school children facing from. tuheronlBr djeeaa* 
and diseaaes of the reEspiratory organs, especially among girls between 
the ages of ten and fifteen. To remedy this Professor Hay sayi, 
" The first and great essential is a sufficiently pore atmosphere within 
ttie sohoolroora." Professor Hay's paper ia puhliehed in the Saiiilarf 
Jauraal, Nov., 1890, iasne, of which Dr. James Chriatie, A.M., GlaB- 
gow, is the editor. Dr. Neil Cormichael, Glasgow, conaidera Ihilt 
tte ohUdrMi'B iiervons systems are eoUHiderably overstrained in 
ordinary routine modea of teaching in most of our large nohools. 
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down the population. Who ever heard of a dominie 
being pimiBhed for killmg the children with kindness ? 
Fresh air ia good, ergo j'ou can't have too much of it, 
" It's cold, did you say ? Let me hear that remark 
again and I'll warm you." It would require a Dickens 
to duly describe the scene. Only it is not the teacher 
who ought to be hanged, but those at his back. 

A had system of f reah-air inlets, especially for build- 
ings intended to accommodate a considerable number of 
persons, is the homceopathic one. In this case one or 
two small 2-in. or 3-in, pipes will be fitted iu and 
covered with wire-gauze or with fine perforated sheet 
zinc, which gives a mei-ely nominal pro\ision, some- 
thing equivalent to a thimbleful of milk and half a 
cubic inch of bread to each for breakfast, 

A very common, disagreeable experience is the want 
of efficient ventilation in ball-rooms. This becomes 
more marked after the room has been occupied for a 
couple of hours or so, and all the worse if many gas- 
lights are burning. In the author's experience the 
fault generally lay in the want of proper provision for 
carrying ofE the heated and vitiated air at the ceiling. 
^^^^_^^ At a ball in a recently- erected hall, 

I at which the writer was present, owing 

to want of ventilation the atmosphere 
in the ball-room to one entering it felt 
like that of a midden, even although 
the lights were electric, and this, too, 
within about an hour and a half after 
K^s — ^ the ball opened. The thermometer 

\/^- — ' was up to about 70", or about 12^ 
^\ above what it .should have been. An 

\ attempt at ventilation was made by 
I having an opening in the window, aa 
' per A, Fig. 18, about eight feet down 
"^' ■ from the ceiling, but the efEect was 
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Fig, 18. 
most unsatisfactory. 



Most people seem to be unaware that while a icate)' 

liatem has its bottom lowest, as per Fig. 19, a foul air 

has its topmost, as per Fig. 20. To let out the 
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Wtttef a hole is needed in the bottom, as at a, Fig. 19, but 
to get vitiated air out a hole is needed at the top, as at b, 
Fig. 20, and even then it baa to be coaxed out by some 
of the appliances herein referred to further on. 

In addition to the temporary discomfort, and some- 
tunes or oftener than we note, lasting evil from defec- 
tive ventilation, we now and again — apart from the 
disastrous effects of foul air and explosions in mines — 
read in the newspapers of men going into reservoirs of 
bad air and being killed. As this is being written a 
newspaper says : — "A man who descended 1^0 feet into 
a well, at Boydon in Wiltshire, for the purpose of 
cleaning it, was overcome and suffocated by the foul air. 
A man who went to his resciie shared his fate." 

An explosion of gas occurred under the following 




rarcumstances : — The gas was found to bo escaping in a. 
room by the servant, who partially opened the window 
and then went for a gasfitter, after first turning off the 
meter. When the gasfitter came ho lighted a candle, 
hut when it was raised up to near the ceiling the explo- 
sion occurred. The top of the window in this case was 
about two feet below the ceiling, so that there was a 
oonsiderable space for the gas to lodge. Being lighter 
than the air it floated on the top for a time, like oil on 
water. This shows the propriety of having the outlet 
for the vitiated air as high as possible. Ilad there been 
a proper ceiling outlet in this case, all the gas might have 
gone out at it before the gasfitter hod time to arrive. 

A match will not burn inside a gasometer, but 10 per 
cent, of gas in the atmosphere makes an explosive 
loixture. 



CHAPTER VII. 

Improved Systems of Ventilation. Inlets, Etc. 

-Among the mcdem pioneers of improvements in venti- 
lation the names of Drs. Desaguliers, Franklin, and 
David Boswell Reid are worthy of special remembrance. 
The first of these invented the fanner or blower, in 
A. D. 1734. It was used for some time to ventilate the 
House of Commons. The value of Desaguliers' ideas 
were not properly appreciated when he lived, but now, 
long after his death, the return to the use of fanners in 
the ventilation of large buildings is a compliment to his 
genius, although too late to do him any good personally. 
We read of him in, what is to be hoped, were rather 
exaggerated lines : — 

" Can Britain 

. . . Still permit the weeping muse to tell 
How poor neglected Desaguliers fell ! 
How he who taught two gracious kings to view, 
All Boyle ennobled, and all Bacon knew, 
Died in a cell, without a friend to save, 
Without a guinea and without a grave ! " 

In D. Murray Lyon's "History of Freemasonry in 
Scotland,'' we read that DesaguKers died at the Bedford 
Coffee House, Covent Garden, London (a. d. 1749), and 
was buried in the adjacent churchyard of the Savoy. 
General Desaguliers and another son survived him. 

The Doctor was a Fellow of the Royal Society, 

London, and a Past Grand Master of the Masonic 

Grand Lodge of England, as well as one of its founders, 

and also assisted greatly at tlie mst\tvi\ivoTi oi ^^^^-vsc- 

lative Freemasonry in England a\>o\it a..t>. niT* 
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Br. Eenjamin FraiiMiii, T.R.S., who died m 17&0, 
i7iter alia, invented tke plan of ventilating a room by 
an opening into the chimney below the ceiling with a 
shutter to open und close the opening as desired,* Dr. 
Neil Arnott has sometimes been credited with being the 
inventor from his name being coupled with the balanced 
valvo aftciTvards introduced, and knowni as Amott'a 
chimney vulve. 

Dr. Eeid carried out his system of ventilation for 
the Houses of Parliament in tho 
fourth decade of this century. 
He also arranged the heating 
and ventilation of St. George's 
Hall, Liveipool, in 1854. 

By the use of a large chimney, 
heated up by a furnace at its 
foot, Dr. Eeid drew down the 
■vitiated air from the ceilinga of 
the enclosures to bo ventilated, 
by mean.'i of pipes or shafts, 
and sent it off by the chimney 
on the principle of the aiirial 
Biphon. 

Various modifications of or im- 
provements upon the chimney- 
breast valve are largely in use. Fig, 21 gives a 
vertical section of one of these; the valves being of 
sUk. They do not make so ranch noise in shutting as 
the mica valves do. In fitting these valve boxes into a 
hole in the wall of a room, immediately under the cor- 
nice leading into either the vent or into a special venti- 
Isting duct inside of the wall, it is preferable to use and 
first set in an outer case of galvanized sheet iron about 
6 in. or so deep, as at a a, Fig, 21. This outer case is 
flnsh with the face of the wiill inside of the room, and la- 
made air-tight with lime or cement. Thereafter the 

■ Frantlin ia (reneraUj credited with liein^ ftie 'visvevi^jjc lA ■Coal 
a^tniog' rod. The aUiry of Ills bringing io^ra t^^tiin^ insm. Sioa 
doada bj- meana nf a lite and its string ia \)Ot\i mteiCi^i'Q'fe asA. >»-- 
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valve box, it h, is slipped inside of the case as shown 
sketch. Also see l, Fig. 23. 

Where there is a good going vent this valve ventilating 
outlet is of great service, and works whether fire is oS 
or on. The writer has fitted many of them into officelj 
and other places with good results, the sizes being froiQ 
about 9 in. by 5 in. to two and throe times as large. 

These ventilating outlets into vents are of most service 
where the vent is large in section, say 12 
diameter, or square. They do well, however, with venta 
10 in. diameter, especially when these are made with: 
fireclay pipes or linings, so as to be smooth inside. 

It enables more air to be carried off by the chimney- 
breast valve when the fire is on if the chimney ia ooit^ 
tracted close above the grate, so as not to let more air 
in at the grate than is necessary to carry off the smokct 
properly, 

Another way of utilizing the vent to proraots venti^ 
lotion in a room, is to put in a flat pipe 9 in. by 2i in., 
or I'Z in, by 8 in, or 4 in. in section from near' 
tlie cornice, at the back of the plaster, down to 
within about 9 in. from the floor, and then turn it 
into the back of the register grate in the fireplace. 
Fig. 2^ shows this plan, c being the flat pipe referred 
to, and I) its inlet, b ia the register grate, and a the 
vent. Of course this outlet pipe c works beat and ex- 
tracts most air from the room when there is a good fire, 
on, and when the grate is tightly fitted in, so that air' 
cannot be drawn in from outside of it. Instead of a 
register grate a stove may he fitted into the fireplace in 
such a way as to allow the pipe c to work. Whrai, 
either the grate or stove ia not biirning provision mayi 
be made at the back of the grate to have some gas jete 
lighted when wished to increase the current or draught 
up the vent. This is one style of the aerial sipbooie 
system oE ventilation, the vent a being the Jong lee o£ 
the siphon, and c the short leg. The explanation of its 
working is that the weight of a vertical column of the 
atmosphere from d up to a level with the top of the 
reni is greater than the weight of the warmer air iM 
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the vent a of same height, so that a pressure Is put upon 
the inlet n, and in the struggle to make a balance, 
continuous current of air goes down c and up a, the 
air in the c column being heavier than that in the insid* 
of the Tent or A column. 

Although the pipe c has been described as being put 
in at the back of the plaster, out of sight, it may be s 
up upon the outside of the phister, and htrger than 
above mentioned. Or there may be two pipes like O 
pat in, one on each side of the grate. 
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H indicates a special outlet ventilating shaft, provided 
inside of the wall and going up alongside of or between 
the vents, but quite distinct from them. It may be 
carried up in the middle of the wall supposing no vents 
are there. It would be of great service for the venttla-i 
tionof rooms and offices, &c., and of immense advantage 
to the general health of the community if provision foE 
carrying off the vitiated air in this way were a sine qua 
won m every house, warehouse, or other occupied builds 
ing ; the law being that this provision must be seen to 
tehen the building is beiny erected. 

T, Fig. 22, shows the fresh uir being v\dm\\l<;4 Xw'wes 
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For small rooms in email houses 7 in. diameter flues put 

in 88 per h, would 

be a great boon. CT^ 

For larger rooms 

in large houses 

9 in. or larger pipes 

should be \ised, and 

in some cases more 

than one Sue might 

be used for a large 

room. (See p. 125). 

In some caees 
where as large a 
veaitilating aii- flue 
as possible is wished 
inside the wall, then 
the pipe or flue 
might be made of, 
say. No, 20 galvan- 
ised sheet iron, or 
heavier if expense 
not grudged. £17. 
vbere omy a 9-in. 
OE 9^-iii. diameter 
flae could be put in 
if of fireclay, an 1] 
in. diameter flue 
might be got of gal- 
TsnizediroQ. 

Fig. 24 is part of 
the same design in 
longitudinal vertical 
section, as Fig. 23, 
and showing in ad- 
dition, that for an 
upper room — say a 
drawing-room. The 
vitiated air may be 
drawn off from the ^s- 2*- 

centre of the ceiling of the room in two ways, as most 
d3 
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suitable, or as wished. In Fig. 24, the fresh air is 
seen coming in below the hearth stone from the gable, 
as at M. At N we see a pipe or panel inlet at the back 
of the room door. In a recent case, where privacy waa 
no object, the panel was recom- 
mended to be a fresh air inlet 
grating. R in Figs- 23 and 24, 
indicates style of the outlet 
below the chimney cornice. 

When considering as to either 
purchasing or leasing a house, 
site aspect and surroundings aro 
all important. A damp clayey 
site is bad, and especially if low. 
A dry site is generally good, 
and especially if on rising 
ground, and a little elevated. A 
southerly out-look is generally 
preferable for the front of the 
house in this country, or at aU 
events for the living rooms. Of 
course the state and style of the 
drainage ought to be particularly 
seen to. 

Another style of the window 
fresh-air inlet is shown in Fig. 
25, in which a board or a piece 
1 of plate glass a, obscured or 
I clear, is nied in front of the 
lower part of the bottom sash b, 
so that when said lower sash is 
lifted the fresh air comes in as 
shown by the arrow c. The lift- 
ing of the lower sash b also 
allows the fresh air to come in 
at D between the sashes. If it is not desired to allow 
the fresh air to get in at d, then a fixed piece of sheet 
zinc or wood, &c., may be put in on the top of n, 
fitted close to the glass to prevent the air coming in at 
he opening at D when the lower sash is lifted. Or this 
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piece of sheet zinc or wood may bo bo fixed, in cither 
one or two pieces, wifli a hinge or liinges, so that the 
fresh air may be allowed to come in at d or not 08 
wished. Some Glasgow schools have Fig. 25 inlet. 

It doesnot do to have too much window area in BchooU 
or churches, Ac, 




be shut off either by a hinged valve it, or there may 
be one or more large hit and miss valves at e. 

When the valve d is shnt the valve f may be ojwn. 
In some cases the air may corae in from c through f. 

Ab a preventive of freezing the water may lio,xe au 
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iline solution in it — say chloride of caleium- 
under the pipes a narrow slip of wood may be fixed^ 
a little below the pipes, to prevent the cold air from 
striking the centre ot the "bottom of the piping. 

K indicates that a wood board, about 2 ft. or less o| 
more long, with a number of |-iu. holes in it, may b4 
placed there to act as a side deflector by preventing tikk 
air from c all coming up in one place immediately ahovfl 
the inlet c. 

Q, Fig. 26, also shows fresh-air ventilation below the 
flooring of the ground flat. It is well to have a numbec 
of these gratings, g, in order to thoroughly ventilate tha 
space below the flooring, h indicates damp course iv 
wall, and j a bed of asphalte to prevent damp rising up 
through the ground. 

Where this cellar, L, is dry and clean, and done as 
indicated in Fig. 26, fresh-air inlet gratings, with hitl 
and miss valves, may with advantage be put in hori« 
zontally on the floor, in suitable positions, especially i^ 
the gratings can be placed where there would bo littU^ 
walking over them, and wherft 
the upcoming air from cellaif 
would not blow in or up upon. 
the persons in the room in a 
way to he uncoraf ortahle. 

Fig. 27 shows a short Tobin's 
tube A, which may have self-' 
acting valves B B of silk or 
other material attached to the 
frame of the metal outside iron 
I I- B g /w>y//^J ' ^^i a '<| grating or fresh-air inlet c, so 

^^H ,- /O that while air may get in heJ(B 

^^fe '1 none can get out. The inselfl 

^^P tion of the valves b b is donfl 

^W Ji^'. 2,, ^Q g(Qp jj j,pQgg draught at JH 

r low level (especially where th^ 

Tobin's tubes are placed on opposite walls of a J 
I room, hall, or church), and to cause the pressure of 
tlie mcoming air if any to be exeitei oii ^e -^to^i 
'^^A ^vei pufiet or outlets, bo aa to teVp m caMsm^ 
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the vitiated air to bo out at the ceiline and before it 
falls.- 

Although certain objections and precautione have 
been referred to in relation to the use of the i\'indows 
as fresh-air inlets while the schools or halls, &o., i 
occupied, jet, especially for schools, the use of the 
windowa for supplying ample provision for qiiickly 
flushing the rooms in the intervals leJien the jiupih were 
oiit is to he highly commended. A number of the Glas- 
gow schools are well provided in this respect, although, 
aa it seems to the writer, the fxed provision for outlet 
rentilfifion when the schools are occupied was very 
deficient. t Some of the schools have the flushing 
arrangements at the top of the windows, as per Fig. 
28, or the top sash may be simply pulled down in the 
ordinary way. 

With Figs, 28 and 29 etjlcs the windows may be 
sometimes opened for a short time with advantage, even 
when the pupils are in, as on a hot or close and warm 
day in summer or autumn, when it is certain there is 
no wind to cause a draught. An open window on the 
leeward side of a room might do no harm where one 
on the windward side would. 

In the now edition of the " Encylopredia Britannica," 
Professor J. A, Ewing, in the article on VontilatioUj 
says : — " With regard to inlets, a first care must be to 
avoid such currents of cold air as wiU give the disagree- 
able and dangerous sensation of draught. This danger 
is sometimes most insidious — people sometimes catching 
cold before they are aware of it." 

• In thp Building Sent for AugiiBt 2Sth, 1890, tha qoeslion. is 
asked : — Wliat causes the air to aBc^nd s vertical or Tobin'a tube F 
Thi reply to this miglit be : — The same cause that makeE it nometimet 
deacend, viz. prcaure. Presanre causes motion of the air in the tubo 
towards the point of least reaiatance. Ergo the pressure of the wind 
on the windward aide of a building with Tobin's tubes in it will send 
the ait up these Tobin'a tubes on the windward dde of the building, 
and, eapeciaUj where there is nqt BofBcient or proper provision lot 
tmtlet ventilation, the air raav be forced down and out through the 
Tobin's tabca on the Jeewardside cA the tnuiims- 
f Judging from a school now erooting, myprovenvBis.'Oi "jfti. >». 'V'^* 
in the future. 
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Instead of having tlie folding- in inlet at the top of 
the window, or in addition to it, the inlet maybe at the 
bottom, as in Fig. 29. Each aide of the opening pane, 
or opening saah, in Pigs. 28 and 29 should be closed so 
as to prevent the air coming in at the sides of the hinged 
opening. 

In the Society of Arts Hall, London, Mr. E. C. Bobins, 
architect, in 1883 titted in a " dado " system of long 
fresh air inlet, across one end of the room, with several 
openings. A, through the outer wall, for the admission 
of the fresh air. Each of these horizontal openings, as 




Pig. 28. 

shown at A in longitudinal v(. .■ i' -1. ■'■. I'l;.-. -30, 
debouches into an expanding i.j'i _-!i" -i i ". u. «! .ch, 
by causing the incoming air to spread out greatly cur- 
tails its initial velociW. All these coned ducts, b, open 
up into and below the long inlet grating, c, through 
\riiich the air enters the room. 

Inside each vertical duct there is a hot-water worm 
rape for heating the incoming fresh air in cold weather. 
There are also screens, D, Fig. 31, for filtering the air, 
so as to keep out dust and smoke flakes. These have 
to be cleared at intervals or they would become choked 



unless it is intended to attend to them they 
d be better omitted. Wben the work ia finished 




Fi(f. 30. 

;oned diittM and beaters are not openly visible, l>cing 
ded up in front on side next room 
g. 31 18 a eross vertical sketch show nig the grating, 
it in vertically, as is necessa-ry in tbii case owing to 



I 



1 




iinr. 3-2. Fig. 33. 

large valuable painting above. In other cases, how- 
, the gi'Bting may be put in horizontally, so as to 
he incoming fresh air rise vertically. 
1 the Liberal Club, Glasgow, a long skirting, or low 
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^ was" put in in October, 1887, along one t 




le room, aa shown in Fig. 32, -which skirting, 
'ut about sis inches from the wall and has 
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iron grating all along its top, as iudicated at h. Iiisido 
iJie skirting are hot-watet pipes for Loating the air. 

In " Techmcal School and College Building," by Mr, 
35. C. Robins, F.RJ.B. A., publiabod in 1887, there ia a 
largo amount of valuable information in conned ion 
"with ventilation and wunniiig. The work is luvishly 
illoBtrated. The author approves highly of using the 
places in front of windows for bringing in the fi'Dsh air. 
To warm this air, if wished, there may be a stuck of 
liot^water pipes fitted in at the window. Pig. 3^ ia 
fTom an illustration by Mr. Robins, showing the fresh 
air coming in from the outside, and first deflected down 
iiiid then made to turn up, and in its course passing 
through rows of 1 in. diameter hot-water pipes, fixed 
behind a dado. This plan tends to spread the air before 
It comes out at A.* 

Pig. 34 shows the system of dado frosh air inlot 
olong wall in the saloon of the 
Town Hall, Greenock, as executed 
oy Messrs. H. & D. Barclay, archi- 
tflcts, Glasgow, in a.d. 1883. In 
™id weather tho fresh air is warmed 
"y coming into contact with the 
hot -water pipes. The bottom 
Snow, B, indicates that air may be 
let in at the skirting uear the floor 
level inside, when wished, by shut- 
ting the valve or door D.t 

Dr. D. B. Reid, in 1845, pub- 
lished a style of dado inlet, as per 
Fig. 35, the wooden dado being 
pierced with a large number of 
holes in its face. To retard the velocity of the air 
* Mr. Connack, beating' engTiieer, Glasgow, object* to tho cold iu- 
''"r''"g air Tequirmg to pass down tbrough the hot pipes in tbe " B " 
ditudan iu>xt the vM. He saya tbe three pipea there tend to reverse 
the onncDt at times. 

f A patent waa taken oat in 1 S88 for a. dado Bjistem of fresh air 
inlet, but the dado inlet was in nee lung before, as referred to above, 
in Mr. Bobints' and Meat«rs. Burclajs' works, and also at Ichoola in 
Dnndee lui^ Aberdeen. All are froo to use plans pubtished and in 
puUic 1180 prior to the date of a patent. 
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coming in through the holes, A, these holes might t»* 
coned or expanded towards the interior of the room. 
This might do for a picture gallery, or place where 
people were ical/cii)^ about ; but it would be somewhaij 
dangerous for persons to sit uear such jtn inlet, as iam 
a school or f hui-ch. 

In schools or other biuldinga where there are son] 
feet less or more of vertical space below the floor tl^ 
is unoccupied, this ftpace, or cellar, a, Fig. 36, if ka 
clean, and aUo asphalted or cemented on bottom, migl 




Fig. 36. 

do very well as a chamber from which to draw t 
incoming fi-eah air. This chamber might help to hfli 
the air a little in winter and cool it in summer. In s 
hitter case, the cooling might be occasionally assL 
by the use of the water-hose or spraj", to wet or ii 
the whole surface of the asphalte with clean water. 

There may be hot-water or steam pipes in this celli 
or space a below the floor, in Figs, 30 and 37. n im 
cates fresh air ventilating openings through tho outs 
walls, c position of air inlets up through floor to^ 
rooms or ball above, which are to oue side of the inlets, i 
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in same wall. Openings may be made in the floor, 
with liit and miss gratings in other places, or in place 
of the c openings, as most suitable. Fig. 36 shows a 
ground plan, and Fig, 37 shows vertical section of one 
find or side, A being the cellar in each case, and c one 
style of fresh air inlet into, the room or hall, d : g indi- 
cating a ditferent style, rising up through the floor 
with a hit and mias valve ; e is damp course. The 
outlet for the vitiated air is off top, f, of the room, as 





Fig. 37. 

jer Fig. 48. s, Fig. 36, might be position of a Syl- 

Water gill-stove, or there might be one or more coils of 

jhot-water pipes ; J, Fig. 36, indicates that the ivenh air 

fillet, II, at out«r walls in place of being left flush with 

I th6 wall inside may be carried forward some feet, if 

I irfshed. In doing this it must be seen that there are 

I BO "dead" or imventiluted portions left in the cellar. 

I Tbe inlets t: v, Fig.36, instead of having Tobiu tubes, may 

be the window boaaings boarded in, and with hot-water 

coils inside. 

Fig. 38 indicates styles of bringing la. tl\c tte^V 
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from a higher level — making it come down and tlu 
turn up.* Ice, scent, or disinfectants may be placed 
the lower part, in vessel or dado A or b. 

It is to be understood that various modifications 
these various styles of inlets may be used as most soi 
able in the circumstancea. -B.?-, the Tobin's tubes i 
cither be put in all the same width vertically, as 




Pig. a9. 



rig. 4 



Fig, 39, or expanding outwards towards the top, as p 
Fig. 40 ; the intention of Fig. 40 style teinff 
make the air come in more slowly, where that is desired 
so that it may not be felt so much as a draught. 

In some cases the Tobin's tubes might have a hingei| 
or sliding door, as at a, Fig. 39, so as to let the air ir 

• In Home casea tliB inlet pipe □ may bo allowet 
IT towiiPils the floor, the part i being omitted. 
either be owitted or have Ha openii^ oi 
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at Ibis door, when wished, in a horizoutal direction. 
WLen BO let in the air should be directed away from 
persons in the room. When Tobin'a tubes, or dado inlets, 
are fitted into schools especiaUy, it is advisable to make 
provision to get into the bottom of them readily, to take 
thincB out that may be put down by some of the tricky 
scholars. These Tobin's tubes require to be of a size 
and number to suit the place to be ventilated In cross 
Bections they may be 9 in. by 3 in., 12 in. by 3 in., 
lli in. by 4 in., 15 in. by 3 in, 15 in. by 4 in.," 18 in. 
by 3 LQ., 18 in. by 4 in., 36 in. by 4 in,, and so on. 
Fig. 41 shows a Sheringham fresh air inlet ventilator, 




io the sketch the valve is shown open. In some cases 
ms appliance may be used as an outlet, although I 
prefer to use Fig. 21 style for outlets. 

The aim of good inlet ventilation may ho summed up 
'n a sentence, viz., a large or requisite amount of fresh 
ftir, to be admitted slowly, and of a temperature and in 
fl manner so as to be both comfortable and safe, and 
tlierofore hygienic, 

The stj'les of ventilation we have been describing 
lelong to the atmospheric, ivind' acting, or automatic 
Vstems. It 80 happens that Professor Camelley, 
*.C.S., Professor of Oheraistry in the University of 
Uierdeen, has been lately engaged examining the air 
t a large number of schools in England and Scotland, 
nd as tne residt of his examinations has asserted that 
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the air in all the automatically- ventilated ones was had, 
and therefore all schools ought to be ventilated bjr 
mechanical means. Now if the automatically- ventilated 
schools examined and referred to had their ventilation 
carried out in some of the foolish, inadequate and bad 
styles hereinbefore described and condemned in Chaps. 
V. and VI., it is no wonder Professor Camelley should 
have found the air in them to be very bad, and most 
unwholesome both for the teachers and the pupils. 

It does not necessarily follow, however, that because 
the great majority of the schools hitherto " ventilated," 
or pretended to be so, upon the automatic system are 
badly and insufficiently ventilated, that therefore there 
are no schools that are well ventilated upon the automatic 
system, or that the automatic system could not give good 
and satisfactory results if it tcere properly carried out. 

I have already demurred to this, and asserted that 
there were a number of schools ventilated with my 
appliances, none of which Professor Camelley had tested 
when he wrote or published what is stated above, but 
which schools, if tested, would be found to have the 
atmosphere in them very much better than those other 
bad ones he had tested and rightly condemned.* 

Where the style of and provision for ventilation are 
bad and too small the effect will not be satisfactory 
whether the means be automatic or mechanical. 

I have just visited a mechanically-ventilated school 
where the air felt very bad, and, as I considered, because 
the cutlet or exhaust ventilating-pipes were too small — 
e,g,y for one large room serving for 130 pupils there 
were only two 9-in. diameter outlet ventilating-pipes. 
This size of pipe was much too small, especially as these 
branch pipes were a long distance from the exhaust fan 
and the main pipe. 

Where the mechanical system was good both inlets 

* Professor Camelley wrote to me requesting a list of schools ven- 
tilated witli my appliances, which he intended to test, but I fear he 
has been unable to manage this, and now he has suddenly died, on 
27 th August, 1890, at the early age of 37, prematurely closing s 
bright and highly promising career. The rising generation have losi 
a frjend. 
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tJontlets were large. It surely follows therefore ttat 
I irterciin automatic system is adopted for ventilation tlie 

iprefiaion should also be ample — in fact, tjirnlei; short 
allowaiice gi^Tng imaatisfactory results. 
Ventilation of schools by mechanical means is more 
expensive than the automatic ayatem, and especially for 
Bmall achools. It is more appropriate for some of tho 
extra large schools in cities, especially where those are 
set down En a position that is confined, or not airy. 
I Some of the large city schools are two or more storeys 
I in height, and servo for from 1,000 to 1,500, or more, 
I Bcholars ; while many of the country schools are only 
I for about seven hundred or less. 

I To force small country schools of only one storey to 
adopt a mechanical system of ventilation would be a 
I hardship owing to the first and contiimom expense, and 
[ is not necessary, more especially if there be any truth 
f iiivhat the architect, the head-teachers, and the School 
Board agree in stating aboiit the public school at Blair- 
gowrie, m Perthshire (which was examined by me in De- 
fcanber, 1885, and thereupon improved). The architect, 
I Mr.Luko Falconer, wrote in 1886: " The ventilation of 
I the public schools is now excellent. The self-actmg 
I valves are doing splendidly. The teachers arc delighted 
I with the pure atmosphere in the rooms ; it is so difierent 
I from what it was formerly."* He also remarked: — 
"In regaid to ventilating a school by means of a fan 

i driven by a gas or other engine, had we adopted it here 
l« would have been put to a ridiculous expense, and 
could not have got better ventilation." 
I, The Blairgowrie school serves for about COO pupils. 
I'lt stands on high ground and well exposed to the wind 
land fresh air. The ceilings are about 19 ft. high. The 
Ventilation was improved in June, 1886, on the plan for 
OTltlets shown in Fig. 47, and with Tobin's tubes for 
^lets. "Were the work to be done now I would recom- 
mend the provision for outlet ventilation ; that is, the 
aise of the outlet pipes and ventilators to be larger 
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Fig. 62 shows a No. 2 
ventiLitor, A, ia the act of 
being lowered down upon 
the frame or seat, e e, 
prepared for it. The pro- 
jecting pipe, D, stands up 
about 2 or 2J in, to slip 
up into the socket, c, of 
the ventilator. A little 
soft putty may be placed 
round the pipe at n to 
make the junction tight. 
At 1) it will be noticed 
there is a metal flange 
soldered round the pipe, 
which resting on the top 
of the seat, e e, supports I 
the pipe. In some casea 

above the flange, mai/ be 




I^Keof the wul 
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a of the wall, as shown in Fig. 43. The depth of ' 

this space rangOB from about 30 in. to (ibout 5 ft. 




Alter the air has blown into tbc spate Wo-s "Otiia S 
it cozncs up at each window, aa mflicaVei. a.\. "Oj^" 
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Figs. 03, and up to Fig. 73 inclusive sliow various 
styles of tho author's Induced-Current Fixed Exhaust 
Ventilators sot up above the ridge of the building (except 
Fig. 72, which is to one side of the ridge). "While Fig. 
63 shows a No. 2 ventilator with a square base a,* Fig. 
6-i shows the same vcntilntor, but with the baso, a, octa- 



P 




gonal. In this latter case the architect has provided an J 
octagonal seat for ihe ventilator to sit on, and has kept I 
this octagonal seat a good bit higher above the ridge I 
than is the ease in Fig. 63. This and the addition of | 
the wooden moulding h, also provided by the architect, ■ 



iniiy bj from r> 
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^^Boentilator, with 22 in. main up-cast pipe ; the largo 
" 23 in. valve-box, as per Fig. 90, having three inlets 
from the three ceiling openings, and one outlet. For 
the other throe rooms there are two 27-in. and one 
24-in, ventilators, with 16-in, and 14-in. diameter 
piping, and anti-down-draught valve-boxes to suit. The 
provision for outlet ventilation here will be at the rate 
of ^ square lq. for each pupil, which is the largest I 
yet know of for any automatically, or naturally, ven- 
tilated school in the kingdom ; the pipiug, &c. in the 
geceraHty of cases being far too small. 
Thia pro\'ision of 3 in. and 3^ in. for these country 




schools points a powerful lesson in the right direction, 
not only to other country schools but also to our schools 
in large cities, most of which have far less provision 
than this for carrying off the vitiated air from the 
school- room B ; in those I have examined only about Ij 
equare in., or leas, for each pupil, when the real allow- 
ance should have been as much as 5 in., or more.' 
Perliapa when those who arc responsible for this state 
of matters hear or read of this, they will "tat' a 
thocht and mend," not merely for their own credit but 
ftlso for the reputation of tho communities they repre- 

• Since irritmj: the forpfroing I havt 
ow 'boildiugr with more than the 1^ in 
" ' where the TOntilation i; 

e2 
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sent and serve, as well as for the comfort and heali 
both the teachers and the taught. Many of the teac 
complain strongly of the bad air in their schools. 

Were bad air visible like smoke, better provi 
would probably have been made long ere this for ca 
ing it ofP, but the mind at this time of day ough 
have eyes, in this relation, as well as the face. 



CHAPTER Vni. 

Improved Outlets. 

Some have said that if they could get their mind of ] 
ihe outlets, they would let the inlets take care of them- 
Belves ; hut while this points strongly to the great im- 
porfauce of attending wpU to the oullefs,* it does not 
follow that the inleia should really be left to take cara I 
of themselves. The fact ia that for good results, atten- 
tion to hoth inlets and outlets is necessary, but as we 
have just been treating principally upon the inlets, wo 
bLqH now deal here specially with the outlets. f 

As the vitiated air is exhaled from the lunga at a tem- 
perature of about 97^ it naturally rises towards the ceil- 
ing, and as the air vitiated by the combustion of gas, 
candles, or lamps, which ia much hotter, does the same, 
I the natural conclusion ia that, generally speokiug, the 
' proper place in a room or hall from which to carry off 
the vitiated air is at or as near to the ceiling as possible. 
Ample and good provision for satisfactorily carrying 
off the vitiated air, and preventing its accumulation at 

■ Air in masy cases comos in by a thousand chinks and crevices we 
kuOT not of. It ereiL percolut^a throug'h Beeming'ly solid walls, as 
amply proved hy PetteukoifE'T'a ex-periments, in which itttBr alia air 
■WBB eafflly blown throngh a dry brick. 

t It wtU be useful to undpratand that at 33° Fahr., air expands ii|. 
of its bulk for eveiy degree Fahrenteit it ia heated, so that, as I>r. J. 
B. Billings says ; — " If the air in a chimney I* healed 50° Fahr. above 
the BmroundiDg air, it will be increased iu bulk aa I is to 1 -|- i'^-, 
at A nearly. WitJi a ohimney SO feet high, and the air in it GU° 
mumcT than the outer air, Dr. Billings gives the theoretical speed of 
tho ourreut at '20 feet per second ; bnt this may be brought down to 
20 or fiO per ctut. less by friotiou caused by roughness, bends, Sc. 



78 VENTILATION. 

aad below tlie ceilings of our rooms, scliools,* churches, 
and hoUs, &c., ought to be the rule, but as yet such ii 
really the exception, ventilating engineers and their 
masters having been strong horaceopathiBts, to the nr 
small detriment of the health and comfort of the com-' 
munity. 

This is not as it should be, and must be rectified. 
When outlets have been provided for carrying off tha. 
vitiated air at the ceiling, painful experience has shown. 
tliat unless proper practical precautions are taken these 
outlets, as has been already stated, are apt to often, 
transform themselves into disagreeable inlets. We 
shall therefore here show liow to prevent this. 

Firstly, however, in order to point out the difference 
between the action of a plain pipe and one surmounted 
by a good exhaust ventilator, see Figs. 4-5 and 46. In 
the former by blowing as per the arrows A and b on the 
end o a small ball of cotton (f) will be carried up the 
Q limb, but if the wind or air is blowing in the direction 
of the arrows c or d a down-current or down-draught 
will take place in the limb g, blowing the cotton out at 
the end e. 15y putting a small fixed exhaust ventilator 
on the top of the limb g, as per Fig, 46, wo find that 
no matter how the air ia blown upon the ventilator g, 
the cotton ball f rises up towards the ventilator, as in^ 
dicated by the arrow. This shows that there is somi 
virtue in the ventilator g. 

Another use of the exhaust ventilator o is io increasd 
the speed of the current up the pipe. This it often 
does considerably. Of course it ia well known that the 
wind 0.3 a motive power ia very variable,! yet before 

■ In Botoola tlin air oiigiit to be frOHh whou tHe pupils come in G 

I flrat in the morning', and by tbe aid of the moQnfl for ventiliition pre 

Tidad, the proportion of oarbonio acid gas aboiild not, prerioua t 

leaving:, be more, if possible, than 7 parts in the 10, MO, or 3 al»v) 

the nominfil amount. Aa eaob pupil exhsles about lOO timeB -^^* 

mnoh ciLrbanio a«id gas a.9 be or sbe inhales, it ia difficult b> sect 

this purity, espBoiallj' irith a large attendance, but it ahould bo aur 

at. Amplo fluahing at the intervals with fresh air is of great sprncs. 

I t I" eiperimentrng in his own house, the author has found the yen.- 

I tilator, tJiat wonld oid; bo exhausting at tlio rate of 300 bneal feet •! 

I minute one day, indiijlted in a few days after, 2,000 feet It ni'""''* 
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tliB steam engine was invented sailing vessels managed 
to make good voyages, and many do so still. So with 
good wind-acting exhaust ventilators, where large 
eaongh and properly fitted ; these are doing good ser- 
Tice in a considerable number of places. 

Although Fig. 40 shows bow a sitin/l ventilator pre- 
vents blow down, yet in practice it is found that a suck 



^^2^ 



%^ 



doicn often occurs, especially in a building with fires 
on, aa also that in certain states of the weather, and 
especially with large pipes* and ventilators, it will 

bat tliis waK rare and during a liigli gnle. A common indicatioii !» 
350 to 700 liiiRal feet a, nuiiute. After visititig' a large mechaniCHny^-- 
Tentnatcd ci>tabli'<liment, where the air was going ont at ihe rate erf 
SOO lineal ft. a minute, the author upon coming home tcatcd the oat- 
lat speed through bia aatomado or wind-acting ventilator, and found 
H to be 800 lineal ft. a minute ! The Fates were favourable upon tbio 
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happen that occasional down-draughts occur 
people sitting below the outlet ventilating pipe if it ia 
fitted up without any self-acting provision I'or preventi 
ing such down- draughts. 

It is therefore advisable in all such places as 
churches, halls, schools, &a., where people sit below the 
ventilating outlets — and especially if said outlets are 
largo — that these should be rfal/i/ oidlels oxhj. 

Pig. 47 shows sketch of a No. 2 Buchan'a patent 
exhaust induced-current fixed ventilator n, seated upon 
a square wooden frame k, the top of k being about six 
inches above the top of the ridge. This wooden frame 
K has sheet lead or zinc flashings round it. 

Supposing the ventilator b ia 20 in. diameter in the 
body, B, the width of its base, which, for economy's 
sake is generally square — but may be either octagonal 
or round — will bo 20| in., so that the breadth across of 
the wooden frame need only be about 19f in., so as to 
allow for the thickness of the lead flashings, or 20 in. 
across if the flashings be zicc. For a person who has 
never fitted up one of these ventilators it is generally 
better not to interfere with the roof or make the wooden 
frame or seat until be gets the ventilator, when he will 
understand better what to do, 

A is a Buchan's patent "Style A" self-acting anti- 

I down-draught and inspection valve-box, with two 
automatic silk valves c, which open freely to let the 
vitiated air up and out, but close at once against any 
attempt at down-draught. * "When the valves c shut, the 
outgoing column of warm vitiated air is imprisoned in 
the pipe f l until the valves open and let it up and 
out, so that owing to these valves c, whatever ascend- 
ing energy there may bo in the warm column of air in 

I the outlet pipe is conserved. 

I With such fitted in people have confidence to sit 

• By tie adoption of these self-aoting anti-dawii-drang'bt valvow 
1 Tjoses, the uutguing cairent ia not "' apt to be reversed," aa Dr. T. (K^l 
1 NaBmytij, in hia " Manual of PubKc Henlth and Snmtary Soipnce.'J^B 
I states is conmion with the ordinaiy oatlets. "When the vnlveB are A^H 
I rest Uiej are partly opcD, bo aa to let oat the air more readily. 1^1 
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below the ventilating outlets, and keep tliem open with- i 
out feor of down draughts. This, as experience haaf 
pointed out, ia a very important matter iii coiincclioD J 




J; tie ventilation of schools, churches, halls, &o., &c. 

j inspection glass windows, u, enable the working of 

£a Talves, inside of the valve-box, to be easily seen. 

B is the metal valve, loaded, so as naturally to remain 

^_ E 3 
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open. It can be closed when wished by pulling the 
cord or wire n, should the ventilator be drawing up too 
much, as when heating up the interior, or during a 
high wind when the building may be thinly occupied, 
although in this case the effect of closing the inlets 
should be tried first, before closing the outlet or outlets, 
or have only a partial closing of both. (See page 118). 

It was said above that the ventilator u, Fig. 47, was 
supposed to be 20 in. diameter on the body. In that 
case the pipe f l leading up to it — which may be made 
either of galvanised sheet iron or of sheet zinc — may 
be 12 in. diameter inside. 

Some manufacturers of fixed exhaust ventilators have 
been in the habit of making the diameter of their ven- 
tilators from about two and a quarter to three times 
the diameter of their pipes, but this has been con- 
sidered by the author to be a mistake, and a pure waste 
of money, e.g., to set up a three feet diameter ventila- 
tor upon the top of a 12 in. pipe, is an absurdity, and 
not getting value for its cost.* The author makes his 
3 ft. induced-current fixed exhaust ventilators so that 
they serve for either 21 in. or 22 in. diameter outlet 
pipes ; so that while the area of a 12 in. diameter pipe 
is only 12 X 12 = 144 X 7854 = 113 square in., the 
area of a 22 in. diameter pipe is 22 X 22 = 484 x '7854 
= 380 square in., or more than three times as much. 
This is a point of great importance in connection 
with the proper provision for ventilation n*ecessary for 
either a school or church, &c. 

The benefit of having the pipe large is felt most in 
calm and warm weather when the passing out of the 
vitiated air is slowest. With a small pipe the friction 
is greater, and the air cannot get out quick enough and 
in sufficient volume, but with the larger pipe it may 
get out though slow in sufficient volume and quick 
enough to be satisfactory. 

* It has been asserted that the great virtue of a wind-actmg exhaust 
roof ventilator lies in the bigness of the head, but that is all nonsense, 
for the author's 9 in. head beat another party's much lauded 12 in. 
head by 11,000 feet of greater exhaust in two hours. 
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A gentleman who liad got some of ibese big-headed 
rentilatora with Bmall pipes fitted up, took it into his 
head to experiment willi ibeni, when he found Ihe 
small pipoM at the ventilators simply obstim-ted the out- 




current. He therefore took ofE the whole of them and 
put on others with larger pipes. 

In Fig. 47 the valve box is shown seated across the 
ceiling joists, and so aa that the pipe F i, recLuirea to ba 



84 



VENTILATION. 



bent to get up into the ventilator, but by turning the 
valve- box quarter round the pipe may be carried up 
vertically if the ventilator is set up a little further along 
the ridge to suit. 

Fig. 48 shows a 30-inch diameter No. 2 " I.-C." (or 
induced-current) fixed ventilator set up above the ridge 
and with a 17-in. or 18-in. diameter pipe l. In this 
case the valve-box is bigger, and the opening r r in the 
ceiling also larger than is shown in Fig. 47. It is a 




Fig. 49. 

good thing to have the ceiling opening large, say twice 
the diameter,* or more, of the pipe above it. 

In addition to the inlet s from the ceiling r r into 
the valve-box there may be also one or two side inlets, 
and also one end inlet u, but in such a case the area of 
the inlet s should only be a half or a quarter (or less) of 
the area of the main outlet pipe l, so that the said outlet 
pipe L may draw its supply of air from the side inlet 
pipes T, and also from end pipe u, if so arranged. 

Supposing the outlet pipe l. Fig. 48, is 18 in. dia- 

* Twice the diameter gives four times the area. 
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irit 18 soraetimes more suitaldo to make the open- 
ing s into the Talve-box rectangular so as (o allow the 
box fo be made shorter or to fit some particular apace 
or purpose, always making the area suitable to the out- 
let, When a valve-box has several inlets and one outlet 
the sum of the areas of the inleta may with advantaffO 
be a quarter or more greater than the area of the main 
outlet. This allows for friction. 

Dj Fig. 48 indicates position of glass inspection panes, 
one on each side of the valve-box, which allow the 
TOorking of the valves inside to be seen. Access to the 
interior of the box may also bo had at them. 

Fig. 49 shows horizontal plan of valve-box fitted in 
to suit five openings 
in the ceiling. This 
■was for a small publie 
hall, Mr. John Farqu- 
harson, of Hadding- 
ton, being the archi- 
tect. A 36-in. No. 2 
I.-C. ventilator was 
placed upon the ridge, 
with a 21-in. diameter 
main outlet pipe a 
leading up from off 
the top of the style a 
valve-box to it. At 
the bottom of the 
other end of the valve- 
box there was a 16-iii. 
diameter inlet from 
the centre of the 
opening in the ceil- 
ing', wbile the two 




Fig. 50. 



13-in. diameter pipes c c branched into the sides of 
the box as shown. The 9-in. diameter pipes dddd 
branched into the pipes c cfrom the ceiling openings 

E E E E. 

Fig. 50 shows the plan of pipes over a ceiling with 
four openings leading into one large 24-in. " Style A " 
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patent valve-box with 24-in. vertical outlet pipe a lead- 
ing up to a large 39-in. No. 12 induced current fixed 
ornamental ventilator set up above the ridge (as shown 
in Fig. 51). The piping from the two openings c c is 
14'in diameter, leading into the ends of the two 18-in. 
diameter pipes e e. The two short 14-in. pipes from 
the two openings d d branch into the sides of the pipe 
E E, while the two 18-in. diameter pipes e e join into 




Fig 51. 

each side of the valve-box b, as shown. The vitiated 
air from the hall passing through the pipes e e enters 
the valve-box and passes through it and up the 24-in. 
pipe A to the ventilator and then out to the outer air. 

Inside the main outlet pipe a, and, as indicated at h, 
Fig. 51, a few gas jets may be placed which could be 
lighted when wished in extra calm close weather to 
help or quicken the out current of air. When gas jets 
are put in the outlet pipe, a might be wrapped round 
with asbestos felt. See last paragraph, page 89. 

Fig. 52 is a rough vertical section of the same piping 
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ventilator sita. This base rests upon the wooden fraiiie, 
O G. Botli the wooden frame, g g, and the wooden 
"base, y, have lead flashings to keep out the rain. 

The Talve box may rest upon a long wooden board, 
or on several shorter pieces placed crosswise for strength, 
as indicated at si m. Or it may be hung up by kneed 




pieces of strong hoop iron. These are fixed to the sidea. 
of the ceiling joists. 

This style, without theiaetal valve J, was adopted for 
the new billiard rooms of the new Athenteum at Glas- 
gow ; Messrs. Burnet, Son, and Campbell, architects. 

Fig. 84 shows another style of setting up a No. 3- 
ventilator upon a flat roof, or rather upon the flat oi 
platform on the top part of the roof. In this case it h 
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and joined uito the sides of the 2^ in. diameter 
outlet pipe e, as indicated in vertical section in Fig. 53 
In some cases where the ventilator is limited to 
certain size, and it is desired to get as much work g 
possible out of it, the pips may Lo enlarged as per ] 
Fig. 54, e.ff., supposing the size of the ventilator is ttO ii 




F\g 53. 

diameter in the body, then, aa per Fig. 54, about 6 in. of 
23 in. diameter pipe is used at the ventilator to allow 
for slip up through the top of the wooden frame, and 
2i in. into the socket of the ventilator, while the pipo 
It, receiving say two 18-in. 
diameter pipes, c and d, id 
" ' in. or more in diameter; 
Oii'cles are to one another^ 
5 the squares of their dia- 
' meters, but to allowfor fric- 
Q ^ V. tion, itc,,it is betterto hav» 

the sum of the area of the. 

""" I I " ■ two branch pipes, c and Dj 

fi^. 54. considerably larger than the 

area of the pipe M. Thua 

B at 24 in. diameter gives S4 x 24 ^ 576, while c and 

I) give 18 X 18 X 2 =: 648.t In position a flange is 

* Witb Qie DQllet pipe e 22 in. diameter, the two pipea D D migid 
Le 17 in. diameter. 

f Tho pipsB B, c, and n, being firtular, 57G nnd G48 rpquirc ■ 
multiplied by '7804 to get the real area in Hquiira ii]i:lie». ( 
multiply by threo and divide liy four gives the itrea upproiimutely,, 
but It little tou Bmall . 
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soldered on at k round tlie pipe a, 2^ in. or so down 
from the top, to support, or help to support, the pipe 
A B and keep it in position. In some cases the flange 
may he soldered on close to the top of the pipe, nnd 
especially if the pipe is a square one, or larger than tho 
opening in the bottom of the ventilator. In this easo 
the contraction at a is dispensed with. 

Fig. 55 shows, say, a 4 ft. diameter exhaust ventilator, 
A, upon the ridge, with a 30 in. or 31 in. self-acting valve- 
box, B, below it. The pipe c being either 30 in. or 31 in. 
diameter. In this case, supposing there are three open- 
ings in the ceiling, then if the pipe c is 30 in. in diameter 
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the pipes !i and f. may be each 20 in. diameter, and t 
opening into the bottom of the valve-box from ceiling 
outlet, 11, 15 in. diameter. If there were no centra 
opening it in the ceiling, but only the two openings 
p and G, then with the main pipe c 30 in. diameter, the 
two pipes D and E might be each 23 in. diameter. 

If desired a ring of gas jets may be fitted in at j, at 
the bottom of the galvanised iron pipe r, to be lighted 
occasionally if necessary in very calm and warm weather 
to improve the up-current. In tliis caee the flat top of 
the seat for the ventilator may be of strong sheet iron, 
ftlittle raised in centre, in place of wood. 
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up-cast pipe in this case is more than half the diameter 
of the body of the ventilator, which body is confined 
within the large circle n. 

The square a a a a shows how the square base is placed 
relative to the body of the ventilator, the four outlets 
being at the four corners in the No. 2 ventilators, as 
indicated in Fig. 63. The outlets are also at the 
corners in Figs. 68, 69, and 72. 

The square b b b b, Fig. 89, with the small circle at 

each comer, in- 
'^ dicates how the 

base is put on 
relative to the 
body of the ven- 
tilator in the or- 
namental venti- 
'\5^ lators shown in 
^ > Figs. 67, 70, and 
73, the small 
circles indicating 
the position of 
the pillars. In 
this case, as will 
be seen in the 
drawing, the four 
vertical outlet 
openings are at 
the sides, or heticeen the pillars. When Fig. 74 venti- 
lator is used for the interior of the architect's own 
design of case, it is generally set up with the openings 
between the pillars, as indicated by b b square. Fig. 89. 

The four outer vertical louvres are wave-shaped, as 
seen in the drawing Fig. 89. 

Fig. 90 shows longitudinal vertical section of a 
Buchan's Patent Style a valve -box, with say 22 in. 
diameter outlet pipe f, for a 36 in. ventilator. The 
inlet s in this case is shown the same width as the out- 
let, but if the outlet be circular and the inlet square, 
and of the same width, the area of the inlet will be 
considerably the larger. 




Fig. 89. 






orEK-ltOOF OUTLET VAIATil BOXES. 

tlie vaive-boxea A and pipea E. Tho ventilators and 

^ve-boxea shown in the 

'ast nine Bkclthes illustrate 

tliose fitted up in buildings 

intll a garret or an attic, or 

empty space above the ceil- 
ing. In open-roof buildings 

the outlet ventilating appK- 

ancea have to be fitted up in 
a different manner. 

Figs. 57 and 58 show a 
self - acting valve-box, a, Z 
fitted up inside an open roof 
a little below the ndge 
The valve-box in this (.aso 
is shown as supported by 
two small wooden joiata, c, 
each about 3i in. or 4 in. 
deep by '2 in. thick. In 
other cases the valve - bos 
may be suspended by a 

couple of strong straps made of strong hoop-iron, just 
as may be most suitable in the circumstances. 




Fig. S3. 




CHAPTER IX. 

Hidden or XJnder-ridge Outlet Ventilators 

We have been treating of exposed ventilators set up 
above the roof, where the wind can get freely blowing 
upon and past them in all directions, and upon valve- 
boxes in connection with such. Figs. 92 to 98 refer to 




Fig". f2. 

valve-boxes and ventilating outlets provided on the 
sides of the roof.* 

In these the valves on the windward side are supposed 
* to shut, those on the leeward side to open — e.g,, in Fig. 
92 the silk or cloth valves a on c side are shut, while 
those on the b or leeward side are open, d d are springs 
or cord, weight and pulley to keep the valves e e open. 
The cord f is for shutting the valve. Fig. 92 is sup- 
posed to show an open roof. In Figs. 93 and 94 there is 

* The working of these ventilators depends greatly on the air being 
pressed out through them from below. 
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■ ehowa a mode of applying the valve-box siown m Fig. 
90 to the open channel system of outlet below the ridge. 
In this case the outlet ventOator c is placed in tha 
centre of the open channel, and communicates with the 
valve-box a. by the pipe b, while the vitiated air which 




comes up through tbo ceiling-opening E passes off on 

the leeward eide of the roof as at h. 

Fig. 95 dispenses with the valve-box shown in Pig, 

94, and with the ventilator c in Fig. 93, and instead 

shows a Buchan's self-acting 

open -channel valve-box a c, 

set in the middle of the open 

channel a d. The wind is 

shown blowing upon the .'^Jdo 

opening a in i-oof, which closes 

the valves on the windward 

side B of the ventilator and 

allows them to open upon the 

opposite or leeward side c, and 

thus allows the outgoing air to come up the ceiling 

opening e and out through c and u. « may be either 

a grating or louvres. 

Fig. 96 shows the valve-box exposed in the interior 
' of the building below the ceiling. It is merely shown. 
^ as a modification from the foregoing, vrhicb. may lai 




Fig. 91. 



TESnUTlOT. 



itaed if ieand. Fig. 97 j^ovs the srst^m of «_ 
dMnnd TeBtOatkin bdtnr the ridgf , inrented by 1 
John HoDerman, F.R.I.B.A. The upper sketch show 
1 o/ the veotilator with the valves partly) 




open. The lower sketch is a longitudinal section show 
iiig the centre barrier c. c, through the centre of which th« 
sliort [lipe ii is fixed with the intention of helping toi 




open the valves n ii on the leeward side of the barrier, ' 

and inducing an njiward or outward current. 

k F)^. 98 is sketca of Cormuck's plan of inducing a 

Bmrn'nf hy mcana of ibo sTrtnVl tviwWo^* v:,-w\i\s.hin 
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movable, being suspended by a couple of 
'- ' -'-- tbe cuitre of the pipe E, 




The wind is supposed in the sketch to come in at tbe side 
ij, and go out through the small tube and tbo large pipe e. 




the air from the room coming up the pipe A. B is a valve 
for stopping the ventilation when wished. 
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Tho author does not consider theae styles of outle 
heloic the ridge so satisfactorj' as the styles of outlet! 
ventilators above the ridge already shown. Ventilalon I 
have as good a right to he seen upon hiuldinga aal 
chimneys, and automatic ^vind-acting appliances workfl 
better when set up above the ridge so as to get the fuUl 
benefit of tho passing wind to increase their exhaust^ 
power. I 

The author may here give a caution to eontractflrs, I 
and a warning to the public, not to allow the foregoii^l 
exhaust ventilators, when fitt*d up with metal valve orj 
damper, to be considered as finished without the part^J 
fitting them up fixing on. an indicator brass plate, aj 
its eqiiivalent, to tell whether the piilling of the cord( 
shuts or opens the vah'e, a^ for example : — 



VALVE OPEN WHEN CORD SLACK, 



or ricp nrm, i 
cases where this 




the CLise may require. In a number 
has been omitted the people pulled the 
eoi-d and fixed it tight, and 
so closed the metal valve and 
stopped the ventilation, to the 
discomfort of all influenced. 

I'ig. 98a might have been 
shown in Chap. VIII., but it 
was overlooked. It illustrates 
how the writer put in special 
ventilating pipes, ff, for carry- 
ing off the products of combi 
tion from a gasalier in 
about twelve years agi 
glass globes in this case wi 
contracted at top to barely IJ 
in. diameter outlet, the pipes 
FF being IJ in. diameter. With 
the usual globes the pipes v v 
would te(ju\re to be larger. 



CHAPTER X. 

Micri)-Or(jANisms in Schools Etc. 

treating upon the sourco of micro-orgaiiisnis in 
Bcbools it must first be understood, aa demonstrated by 
Professor Tyndall, that when the air in an enclosure ia 
still the dust and micro-organisms settle down in a few 
hours to the floor, and leave the air comparatively pure, 
so that a certain amount of physical disturbance is 
required in an apartment in order that micro-organisrus 
may be present in its atmosphere. 

In an experiment made in the High School at Dun- 
dee with one of the classes in a room, under ordinary 
conditions, the organisms amounted to 11 per litre. 
Upon the boys being told to stamp with their feet on 
the floor, a cloud of dust was raised, when upon being 
tested the atmosphere of the room showed 1 60 organisms 
per litre.* This stamping by the scholars could not be 
much worse than the ahominable way in which many 
school-rooms are swept out, the air being often loaded 
with dust like smoke in the process. Some simple mode 
of preventing this on an antiseptic principle ought to 
have been introduced and forced to be carried out long 
ere this. The banishment of religious animosity, and a 
reduction in money-grubbing, with the display of a 
greater amount of practical good commonsense, would 

featly benefit both the scholars and their teachers, 
ow the rising Mneration is treated in the schools has 
;reat deal to do with the progress of the race, physi- 
poisoning producing mental decrepitude, " To the 

" T* This shows Ihat makiDg the children stamp, tramp m beat time 
wftih their feet in tAt iciool-roam is e. rrdsU^. 
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pure all tkiuge are pure " must be taken cum gr 
sah's from a sanitan^ point of view, for the saint 
snccumb quite as quickly ns the ainner in an atmoBi 
highly vitiated by CO; and its enervating associates. 

Micro- organisms are not considered to be given 
to any harmful extent in the expiration of heall 
people. They arc, however, in the cough and spi 
of the unhealthy. They may, therefore, breed 
multiply in badly-ventilated and improperly- cleaaeJ 
rooms, and the older the school or room the more 
infected may it be, and more especially as, until quite 
recently, almost no schools were properly ventilated or 
cleaned as they ought to be, the air of some, if not 
oven of many, being ehanief iilly vitiated, not only by 
exhaled air from the lungy of the scholars but also by 
air from the drains, so that both teachers and suholars 
appear to have been killed as surely as if they had drunk 
liquid poison. A knowledge of the disease is half 
cure ; so ventilate the school efficiently and cleanse 
floors and walls properly, and also watch the dra3 
{see page 181), and the micro -organism a will be k( 
down and their power for evil prevented. 

On page 129 of Sealth, for May 3Uth, 1890, 
Andrew Wilson gives some important informal 
about the spread of typhoid fever. He says it hi 
come to be generally admitted that the transmission of 
typhoid fever takes place principally, if not exclusively, 
through the water supply ; but other ways may exist, 
as by the breathing of air contaminated with the spores 
of the typhoid bacillus or germ. He gives an example 
of several barracks, where the soldiers suffered se- 
verely from typhoid, which disappeared after the 
buildings were evacuated for a time and thoroughly 
cleaned and disinfected. An examination of the dust 
from the infected barracks, by Dr. Chour, showed an 
average of 14,000,000 germs per gramme (a gramme 
fully 15 grains). This olsservation may serve to 
finn the opinion that typhoid fever may be inc« 
through breathing sewer gas and drain einnnationB, 

In reference to leprosy the remark is made that t] 
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[ of its prolonged incubation — often of several 
' yKirs* duration — renders it dilHcult to Irace the original 

' source of infection. 

It appears to the author that other diseases of a low 
type amongst us may arise from some fungoid germs 
taken into the Byst«m when living in houses the ground- 
flat of which is damp, or where beneath the floors the 
Wood is rotten from damp and confined air, and other 
causes. Eooms, schools, &c., which are not asphaltoJ 
xmdemeath, and where the air is often musty, are 
Dot healthy.* A person may go on breathing the 
air of such for a considerable time before the bad 
effects are felt, although the seeds of after-diaeaso 
may be sown. In this connection people are wise 
who err on the side of being particular — too particular, 
if you like — for each person, man or woman, has but 
one life. It is not always the ignorant who neglect 
precautions, for sometimes those who ought to know 
better refuse to take precautions. In fact, to hint at 
the necessity for such sometimes pi'ovokes anger, but 
Nature's grasp, if allowed to tighten, is often too firm 
to loose, and the daily paper by-and-by tells of another 
friend or acquaintance preiuaturely gone over to the 
great majority. 

The following quotation from Health, for July 1 Itb, 
1890, on *' Ventilation aud Organisms in the Atmo- 
sphere," may be useful here : — 

" Experiments were made by Dr. Stern in the Hy- 
gienic Institute of the University at Breslau regai-ding 
flie influence of ventilation upon the number of organ- 
isms present in the air of rooms, from which the fol- 
lowing conditions are summarized : — 

* A new Bcbool \iaa just btvn apenpd with great pratcnmoiis in the 
Tentiiuting waf . Its supply of Jreih air ctumctt from inside the wnllN 
■nd below tho iloor of the school ; yet, notwithstanding, tho archi- 
tect, tha ventilating and hestina; engrineCTa, and the doctor nil unite in 
ftsBertJug that the sohoolrooms should hnre boon aaphaltod underneath 
— snch has not been donp. Should the children soffer from this, the 
memben of the School Board ought, in mioh drcumstances, to l>o held 
personally liable.— Latest telegnun : " .Sehi>ul invaded by rats." 
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" I . Except by veiy strong winds bacteria are never 
driven off from moist siirfoces." 

" 2. For this reason only the organisms which are 
not killed by being dried are found in a living condition 
suspended in the air. 

"3, In general it is uncommon to find isolated or 
single organisms in the air. They are usually present 
in numbers or colonies, clastered together upon coarser 
dust particles. 

" 4. In still air, because of their higher specific gra- 
vity, they quickly gravitate to the surface. 

" 5. A multiplication of bacteria does not occur in 
the atmosphere because of the absence of the necessary 
amount of moisture. 

" 6. In hannouy with the last two facts are the ob- 
servations of Hesse, Prankland, and Petri — namely, 
that in general the number of organisms present in the 
air is small. This is especially the case over moist 
surfaces and in sheltered spaces where the air has been 
but little agitated. 

"Bearing in mind theso facts. Stern endeavoured to' 
arrange his experiments bo as to have as nearly normal' 
conditions as possible, but for purposes of accuracy 1 
increased the number of organisms upon which to woi 
to a degree rarely or never found in the air. 

"A room with four ventilators was selected; two o| 
which brought air to the room and two carried it away^ 
In each case one ventilator for incoming and one for 
outgoing air were under the coiling on opposite walle^ 
the remaining two being just above the floor. By thii 
arrangement diagonal currents from floor to ceiling 
(summer ventilation) or from ceiling to floor (winter 
ventilation) could be produced at will. 

"He then closed uU registers, cracks, and opei 

' In ISJ't the writer asserted Umt it wsn n. mi^luke to suppoi 
difease germs would come through a proper wal^r trap, or tim 
could jump out of the water — like flying' fish— eupposjn^ ^ey v, 
it. Further, the advantage of too stroug an air eurrcnt throog-h 
and aoil-pipes ia qneaUonable on account of the dauger of ihia a 
drying the interior too qniokly and dislodgiiici: and carrfiDg- along ' 
jt disease geJJOHf or ]Mtrfic;leh of ntutti^r uuutuiiung huiJi. 

f 
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fey whicli air could enter, tlioroughly disinfected walla, 
floor, and ceiling with sublimate solution, and analyzed 
the air for bacteria. None were found. 

" His next step was, by aid of nn atomizer, to com- 
pletely fill the air with a mixture of dust and bacteria, 
and determine what efEect would be produced upon the 
number of organisms present in the air by — 

" 1. Allowing the air to hi perfectly quiet for a given 
period of time. 

" 2. Moderate ventilation (renewal of the wliola 
volume of air one to three times an hour). 

" 3. High degree of ventilation (renewal of air six or 
seven times an hour). 

" 4. Saturation of the air in the room with aqueoua 
vapour. 

" His conclusions were as ioUowa : — 

" a. When the air of the room was perfectly still the 
dust and bacteria sank quickly to the floor. 

" Where ordinary dust (as from library or school 
shelves) was employed, the air was almost entirely free 
from bacteria after an interval of one and a half hours. 

" b. With ordinary ventilation, that is a renewal of 
the air one to three times an hour, the disappearance of 
organisms from the atmosphere took place hardly mora 
quickly than when the air was allowed to remain still. 
When ' winter ventilation ' was employed, the diminu- 
tion in the number of organisms was slightly hastened.* 

" c. An increase in the degree of ventilation increased 
gradually the rate of disappearance. 

"The lowest limit of ventilation which caused an 
appreciable acceleration in the rate of disappearance of 
the germs from the air was an exchange of from six to 

• li " winter ventilation," or drftwing off tlie Titdiited i 
floor, only " Blig-htly haatened" lie diminution of the nnmber of 
orgaiiisiiis, it is of little vaiaa in comparison with its funlta othemiae, 
Kpeoiallj in this climate, and for the greater part of the year at leaat. 
Tbia drawing' olf of tbs air at the floor is purtof one of the mechanical 
■f stems, but as the machine is generally stopped for abont siitaen 
lu>xae ont of the twenty-foor, it is questionable where the advantngo 
of it eamcn in a^ against a school ivrll ventilated automatically, well 
flushed at the ititorvala, and where the ventilation tan go on freo of_ 
eiqwiiBe tor the whole twenty-four houia. 

I. oa 
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seven times an hour of the whole volume of air in th^ 
room.* 

" d. The rapid and complete removal of the germs from 
the air of a room can be accomplished only by the em- 
ployment of very strong draughts. 

" e. No degree of ventilation, however high, was suffi- 
cient to cause germs to rise 'from carpets, furniture, 
clothing, &c., into the air. 

"/. Saturation of the air with aqueous vapour is not 
to be relied upon as a means of depriving the atmosphere 
of the germs suspended in it. It does, however, to a 
limited extent accelerate their disappearance. 

" In consideration of these conclusions Stern feels jus- 
tified in recommending as a means of disinfecting rooms 
which have been occupied by persons suffering from 
infectious diseases, that as soon as the patient has been 
removed, the room be closed and allowed to remain so 
for at least twenty-four hours, after which it is to be 
quietly entered, and floors, wall surfaces, and furniture 
mopped with cloths saturated in corrosive sublimate 
1*1,000. t Under no consideration is dusting to be coun- 
tenanced." 

* "When a school (or church, &c.) has got full and proper automatic 
provision for ventilation, then, with provision for ample flushing in 
the intervals of non-occupancy, the micro-organisms ought to be as low 
in it as in a mechanically ventilated school, if not even lower, both 
schools being kept equally clean otherwise. See pages 165 and 167. 

t That is, diluted with water in the proportion of 1 of corrosive 
sublimate (bichloride of mercury) to 1,C00 of water. 




Wk may here make a few further remarts on the 
ventilation of the ordinary living-rooms in houses in 
addition to what has been said on pages 51 to 57. 

In his pubHshed lectures on " Dwelling Houses, their 
Sanitary Conatmction and Arrangement,"* Professor 
Corfield, M.D., Ac, says: "In this climate wo cannot 
change the air of a room more than thiee or four 
times per hour without causing draught, and so each 
person ought to have from 1,000 to 750 cubic ft. of 
space ; the air of which sTiould be changed three or 
four times per hour respectively. The way in which 
this space is arranged is also a matter of some import- 
ance. For instance, the air above a certain height ia 
of little use for purposes of ventilation if combined with 
too small a floor space. t .... We are not able to 
insist on anything like 1,000 or 750 cubic ft. of space 
in all instances, and amounts varying down to as low as 
300 cubic ft. per individual are adopted. J In the 
case of a family living in one room, which is so small 

• Publiebed by H. K. Lewis, 136, Gower Street, London. 

■f Mr. Jolm Honeyraan, F.K.I.D.A., Glasgow, has called j<p«cutl 
attention ki tida in connection 'witJi workmen a boiiKes, or Hmall and. 
flatted houaeB generally, in order to show that too high ceilings are 
not a beneGt in worlun^ men'a honneB. In the anther' ti opinion an 
apartment 8 ft, 8 in. high, and ventilated as per H and r. Fig. 23, 
would bo mnpi better for working men'a honees in citictt, than one 
10 ft. high, and not so ventilated. Extra elboTT-room, witJi good 
ventilatian, would be much better than useleea head-room witjiout it, 

^ The present minimum in Gla^^w ia 300 cubic ft. for each adult, 
bnt 400 ia aimed at. The smaller houses are ticketed, r.;,, " 960 cubuy 
ft., 3ftd(i]ts," *' 1,210 cnbic ft., 4 adolts," o^booi^. J 
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as to afford less than 300 cubic ft. per individual, it 1 
usual to consider that the limit of over-crowding whic] 
should be allowed by law lias been reached." At 30f 
cubic ft. for each person this would mean for six peuj 
sons a room 15 ft. long by 12 ft. broad by 10 f(| 
high, or one V6 ft. by 12 ft. by 10 ft., and bed 6 f^ 
by 4 ft. by 10 ft. high. The air of an apartment thi 
size with even two persons in it would soon get vitiati ' 
and especially at night after the gas was lighted if pi 
vision did not exist for ventilation. Happily in suol 
cases there is generally one provision for ventilation iw 
the shape of the chimney, which carries off the air froitf! 
a height of from 2 ft. 6 in. to 3 ft. 6 in. as the case may' 
be above the floor. As the air may go up the chinmey 
at the rate of from 60 cubic ft. to about 200 cubic ft 
a minute, this makes from 3,600 cubic ft. to 12,000. 
cubic ft. an hour, which might do more good than it 
does in practice if this air went out of the room in the' 
best way to promote real ventilation and benefit th» 
whole of the room, but this is not generally the case,. 
as one comer or side of an apartment will be much more 
in the air current than the other side ; then if there is 
no provisioa for carrying off the air at a higher level 
than the fireplace, then all above its level is a cistern^ 
for containing and holding the bad vitiated air eshaled^ 
from the lungs and pi-oduced by the lighted gas, candle8,> 
or lamp. 

Inhabited apartments — whether kitchens, parlours^ 
dining-rooms, drawing-rooms, or bed-rooms — ought aU| 
therefore, to have other and a higher provision foe 
ca rryi ng off the vitiated air than the fireplace. J 

When the house or buUding is being erected itwoul^ 
he easy for the architect to make provision (if he eithflK 
exercised or irere allowed to exercise the forethought) fop 
carrying off the vitiated air inside the walls' from ne 
the ceiling on some such principle as that illustrated 
Fig. 23, where upcast flues or pipes, H H ii H, are put iii. 
inside the walls, and all the better if alongside and^ 
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' between the vents, eo that they get the benefit of the 
heat from the vents to increase the draught upwai-da. 
The outlets at top may either be as indicated at w, x, or 
H, Fig. 33, or they may all be as indicated at R, Figs. 
23 and 24. 

Fresh air may enter eitlier at the windows, as shown 
at y. Figs. 22 and 23, or by some of the other styles 
of freah air inlets. 

In the case of erecting warehouses and other build- 
ings where it is not intended to use fires, yet 9-in. or 
10-in. or larger flues should be built in the walls and in 
the piers between the windows so tbut they might be 
utilised for ventilation. 

In a large warehouse erected some years ago the 
architect put in such a flue in every third pier of the 
outer walls, missing two. By-and-by the building came 
to be altered, when more veatilation was desired. Had 
there been a 10-in. flue in each pier it would have been 
very ser\-ieeable, but there was not, so that much after 
expense had to be incurred. 

It is not fair to the servants, and especially iu kitchens 
having a close range, not to have some provision for 
carrying off the heated air in the kitchen at or near the 
ceiling. I have recommended a short piece of 4-in. 
diameter galvanised iron pipe about 6 in, long to be put 
into the vent below the ceiling with good effect. This 
small pipe has been acting well in the kitchen of my 
own house for the last eight years. In houses where 
the kitchen is sometimes used as a laundry and to dry 
dotbes in, the clothes will dry very much more quickly 
where there is ventilation thau where there is none, 
because where proper ventilation exists the vapour ia 
rapidly carried off. 

In the laundrY of a large mansion bouse where the 
writer was working, the laundry maid complained of 
the long time the clothes took to dry, while she was 
always troubled with headaches when ironing there. 
Soth complaints were cured by putting in a galvanized 
j iron air pipe like c, Fig. 22. In this case the pipe 
'ezpoBed. 
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In some iuclosureB, especially if more flats than one, 
and for workeliops, &c., provision for outlet veBtilatinn 
may sometimes be made by putting in one or more self- 




acting valves to open outwards, as per Figs. 99 and 100, 
one or more on each side of tbe building. In Fig. 99, 
the valve-boxes are placed above the ceiling, and 
between the joists. In 
Fig 100 they are placed 
in the outer walls. 

Ships require to have 
provision for ventilation 
fitted into them, as well 
as houses. In large 
ships, both inlet and 
outlet shafts are carried 
down to the various 
holds, as well as to the 
cabins and sleeping* 
rooms, on some such 
principle as roughly 
sketched in Fig, 101. 




Fig 100 



An ordinary stjle of ship ventilator, used either to 
act as an inlet or an outlet, accordmg as the mouth B 
is turned to or from the wind, is shown in Fig. 102. In "- 
this case the top part rests upon a shoulder at a a. 
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Fig. 103 showB patent induced- current fixed veiitilalor, 
as used upon ships. These are much stronger than 
tiio se used for houses, as they may ha^c to stand the 




extra inside guard plate at each opening, in order to 
make it more difficult for water or spray to get in 
and down the upcast shaft. 





Fig. 104. 

Fig. 104 shows cross-section of the hody of the author's 
ship ventilator, A A A A bein^ the four extra vertical 
guards (which do not exist m Fig. 89 style) for prr 
venting the dtish or spray of the waves from gettin 
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access to the pipe or shaft b, although fh? water dii 
manage to get in past the perforated screens opposite. 
This ventilator was tested by the engineers of the Clan 
Line steamers against Fig, 107 one, to see which kept 
out the water best and allowed least down-draught, 
with the result that whereas Fig. 107 style allowed tha 
water from one pail dashed upon it to get inside and 





Fig. 105. Fig- los. 

down its shaft, Fig. 104 defied two pails strongly dashed, 
upon it at once ; Fig. 104 also allowed much less down- 
draught than Fig. 107. The vertical outer guards of 
Fig, 107 were much too open, while also the inside 
arrangement was unnecessarily complicated, and the- 
cross-divisions in centre, in my opinion, of no use. 
Eound-bodied fixed ventilators have been in existence^ 





about thirty years or more, Fig. 106 style being invented 
by Finlay about 1860, and Fig. 107 by the late Mr. Robert' 
Boyle in 1872. This latter one used to be well known, 
in the market as Boyle's Air-Pump Ventilator, but it is 
now superseded by another one of simpler arrangement, 
and said to work better. 
Fig. lOo 19 old&r than a. y ai ftie loTft^cva^. It was 
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invented, by "Wilson about a.d. 1856, and is hexagonal 
in section. It had too many openinga about it for a 
good extraction ventilator, as trie wind geta in at the 
one side opening and out at the other too i-eadUyj 
instead of extracting from the centre pipe or shaft as 
desired. For this reason a venti- 
lator made, as per Fig. 108, in the 
author's style, will be often ex- 
hausting very well when the others 
will be doing poorly, or allowing 
down-draughts. The results of many experiments, 
which were published iu the London architectural and 
technical journals, proved that. 

Instead of the perforated metal in the inner case, aa 
per Fig. 108, a A piece maybe used as per Fig. 109, but 
the author prefers Fig. 108 style. 

Movable exhaust ventilators, or "cowls," both revolv- 
ing and veering, used to be very popular, but as expe- 
rience has shown that they are more liable to go out of 
order than the fixed ones, and, generally speaking, do 
not last nearly so long, it is a mistake 
to use them, and more especially since, 
in the elaborate experiments conducted 
by Mr. S. S. Hellyer at London, Fig, 
85 fixed ventilator excelled all the 
other principal makers' ventilators 
tested, both fixed and movable. This 
is alluded to in the article on "Venti- 
lation" in the new edition of the 
" Encyclopasdia Britannica." 

In regard to the large wind-acting, 
revolving ventilators, these may often 
be seen standing still when there is not 
sufficient wind to turn them ; in which case their screw 
blades do harm by proving an obstruction to the cur- 
rent of air that may be coming up the shaft. 

Fig. 110 shows the application of a forced air jet 
through the small jet tube a, for the purpose of increas- 
ing the out-current of air through the ventilator c, i 
calm or close weather. The forced jet may come froi 




Fig. iin. 
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a fanner driven by steam, gas, or water power, ot b^fc 

falling weight, or from an air-pump. Tliia forced jet | 

IB uaedii 

; shipS) and in other 

places which have 

engine power. Verity's 

water-jet fan, invented 

in 1880, has been used 

for ventilation. Fig. 

Ill shows a ground 

plan, and Fig. 113 

section. On the line 

c D in plan, e e are 

the fan blades, with 

the driving wheel (f, 

Fig. 112) between. 

At G the water-jet 

l'iit~iii tubes are seen. In 

towns the use of the 

water has to be paid for, and a waste-pipe is required 

to caiTy off the wast« water. Care has to be taken that 




Fig. 112. 

the waste pipe does not freeze up io wiiiter, and damag* 
the premises. 
Js Bupply'mg and fitting up \entLVj.Uvs these will notr 
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give satisfaction unless they ure of a proper aizo in re- 

ution to the work that has to be done. The more:' 

people in the place to be ventilated 

the greater the provision required 

for ventilation. It is a good thing, 

where it can be done, therefore, to 

lave a reserve force in hand for 

eitraordinary occasions. To be able 
to increase the outlet ventilation by 
lighting a number of gas jets in the 
apcastpipe, as in Fig. 113, may often 
be very useful. See footnote, page 38. 

Wliere gas lights are used, as in Fig. 113, it ia bene- 
ficial, to conserve the heat, and as a protective against 
fire, to wrap the pipe round with asbestos felt. 

Fig. 114 shows an idea of the writer's, patented twelve 




Fig. 1 





years ago, of putting a balanced metal or mica valve on 
the top of the outlet ventilating pipe, inaide of the ven- 
tilator, to open automatically. For large-sized pipes 
especially, and because they could be better got at, and 
work better, the writer has preferred to use Fig. 90 
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style of eilk valves, To g-et into the valves in Figl 
114 and 115 the ventilator would reqniro to be takffl 
down and cut open. For small pipes Fig. 115 might 
be useful in somo cases.* Where Fig. 115 ventilator h 
used without the valve the pipe p is better to be esi 
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pandcd out at its top to the width of the perforated 
metal, z z. The small disc, d, when used, ia for the pur- 
pose of causing the valve to shut more quickly. Around 
the top of the pipe, s, a soft substance may he fixed fop 
the valve, v, to strike on when shutting, so as to cauae' 
less noise. Fig. 1 16 shows an application of the valve 
for a valve-box above the ceiling of a hall, or church, &o.^ 
as patented by the writer in 1883 ; but he prefers Fig, 
90. Fig. 117, shows several pipes entering into oiM 
larger main pipe, or shaft, each pipe with its own valvai 
but see page 173 and Fig, 138 in this relation. 

■ A Tcntilatoi with an automatic valve in it has lately been reco 
mended, hy some persons Ignorant of plumbing n'ork, for the top of at 
pipes, hnt that is a great miatali?. The ventilating pipe at a gt^ 

pipe reqnireB to let in aar freely [to prevent Bipton ' " j-J^M 

traps) B8 well aa to let it ont ; hence ventilattirs 
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,e/f.cl. 



pipes at all. Further, should the balaiice vr^iglA oome c 

i^fUFie maj- remain shut, and to the ventiitttiini'terti^'Bwi.. V.!*** 




CHAPTER Xn. 

EXFEKIMBNTS WITH VENTILATORS. 

Reference has been mode to the experiments carried 
out by Mr. S, S. Hellyer, »£ London, in 1880, at con- 
siderable sacrifice of time and expense, to test the 
comparative merits o£ the various wind-acting exhaust 
ventilators against each other, and also against the open 
pipe, to see which was best. Fig. 118 shows the iiiodm 
operandi of testing. Two separate pipes, 4 in. in dia- 
meter, F and G, were carried up to a considerable 
distance above the roof, and upon the top of each an 
exhaust ventilator was placed, as per a and b, for a 
certain time. When the amount of air passing through 
each was separately tested and noted for an hour, say, 
then the a ventilator was taken off the f pipe and put 
upon the g one, the b ventilator being taken off the g 
pipe and put upon the v one, and then the amount of 
air passing through each for another hour was again 
noted. 

After the pipes had been tested separately they were 
joined together at the foot, as shown at e. Fig. 118, 
when the two ventilators were set to pull against each 
other on this U-shaped pipe on the " pull devil ! pull 
beggar ! " principle. Sometimes no ventilator was put 
upon one of the pipes, the ventilator being tested against 
the open pipe. 

The experiments showed that the pipe, with a good 
exhaust ventilator upon it, freely exposed to the wind, 
passed more air through it than the plain pipe set up 
equally high, while amongst the various ventilators 

L 
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tested the movable oueg came o£E secoiid best.* Of 
course the air passing up the pipes vias less in calm 
weather than during a breeze. 

Fig. 119, like Fig. 118, is taken from Mr. Hellver's 
■work "Dulce Domum," and shows the ten cowla or 
ventQators tested by hihi. Of these three were movable, 
viz.. Banners & Scott - Dunn's veering cowls, and 
Howarth's revolving Archimedian ventilator. The 
other seven were all fixed ventilators. 

As the result of the testing, Mr. Hellyer says ; — 
" Taking all the teste, the palm of victory must be given 
to Mr. Buchan's." As the Buchan'a ventilator tested 
' was only 9 in. diameter in the body, while the Boyle's 
one was 12 in., this rather knocked the wind out of the 
idea that the bigger the head the greater its strength. 

In- one two-hours' test, while the 12 in. Boyle's venti- 
lator drew up 37,558 linear feet MMM^i^ the 9 in. 
Buchan's ventilator drew up 49,330, or 11,772 feet 
more ; but had the Buchan's ventilator been a 12 in, 
one and fixed upon a 6 in. pipe, then the amount of air 
it would have drawn up at this speed would have been 
about three times the quantity taken up by the Boyle's 
on the 4 in. pipe. 

The author has made many tests with numerous 
ventilators, but as yet has not come across one which 
beats bis own one. Some of these experiments are re- 
ferred to in ■' Plumbing," Ifo. 191 of Weale's Series. 
Others were described in The Building Neica, The 
£uikhr. The Sanitai-y Record, The British Arehitecf, 
The Plumber and Beeorafor, &c. Many of these testa 
were on ventilators pretended to be entirely free from 
down-draught, but none of them stood the test. Some 
of them even allowed down-draught badly during a 
breeze, imder circumstances where the writer's sucked 
up well ! 

Figs. 120 and 121 illustrate how the writer experi- 
mented as to whether fixing or suspending a pipe, j, or 

• Ah itiovflble ventjlatfira aro more apt to go wrong', they oug-ht to 
be discanled all the more readily that tfteir eviaiist power U leas than 
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F ■* piece of sheet iron, R, above one or more gas jets, f, 
*ould, or would not, increase the speed of the up-cur- 



"DUia, or wouia not, increase ine spe 
•"ent in the large ventilating tubes, m 
The writer understands that vaviou 
or have asserted that, owing to the umer tuDe, J, or 
piece of metal, k, getting heated by the gas flame, or 



i parties believe, 
? tube, J, or 



Lir 



^^_ Fig. 120. Fi^. 121. 

^^Bbes, the air, coming into contact with this heated 
j^Hpnl, gets more heated than if the suspended tube or 
VHk^, j or E, were not there, and, getting more heated, 
the speed of the up-current is naturally increased. 

Now it BO happens that the experiments made by the 
writer indicate that the speed is not increased but 
decreased ! 

The writer took a tube, a, 6 in. in diameter and 
3 ft. long, and put a close bottom on it. A short 
tube, c, 3 in. in diameter, was then soldered on at 
B, to Buit the size of the anemometer and wi imeajSiKft 
the speed of the air fairly. TJpon te»\jm^ ^e s^*^ Ai 
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the air current entering at c, when the sheet of thin ii 
1 ft. lone by 5 in. broad, was suspended, as shown, abo' 
the gas jet, F (and allowed time to heat before testing), 
the speed indicated was 555 ft. in two minutes ; with: 
the metal plate, e, out, the speed rose to 580 ft. in two 
minutes. Upon putting back the plate again the speed 
was again reduced. 

After this a piece of 3 in.-diameter thin sheet-iron 
pipe — not contracted at top — 1 ft. long, was suspended, 
in the pipe, a, us showu at j, Fig. 120. The speed then,' 
ut c, was 520 ft. in two minutes. With the pipe out 
the speed rose again to 585 ft. in the two minutes. 

The test was then made with the 3-in. pipe — con- 
tracted at the top — as shown at k, Fig. 120 — when the 
speed indicated was 490 £t. in the two minutes willi 
the pipe in, and 580 ft. with the pipe, J K, out. These 
experiments were made privately, but the first, with 
the plate as per Fig. 121, was repeated in the presence 
of Prof. Jamieson, C.E., F.E.S.E., in the electricul 
laboratory of the College of Science and Art, Glasgow, 
and with the same result, viz., that the presence of the 
plate, E, decreased the speed of the current.* 

This is probably principally due to the increased 
friction. If it be correct that the number of particles 
of ma(ter in the air above a lighted Bunsen bumec 
may amount to about "400,000,000 in a cubic inoh,'1 
then it will be all the more easily understood tl 
the presence of suspended plates or pipes, as shown 
Figs, 120 and 121, is quite superfluous and a pure waste 
of money, even although the number of particles from 
an ordinary gas jet be only a quarter, or a good deal 
less, of those from a Bunsen burner. 

• Since tUs, viz., on Nov. Ifltli, 1890, tie writer read a paper to the 
Philosophical Society of Glasgow, on " A Problem in VtntiJation by 
Heat," with experiments with the pipe a, Fig. 121, iu prsHence of the 
audience. With the 3-in. diameter pipe, 1 ft. lonff. snepended inside, 
the current at o was 270 linear feet per minute. With the 3-iii. pipe 
ont the speed ro«e to 300 ft. An old horseNhoe himg up oiitiidt of 
the large pipe would therefore give better results than the 3-in. pipe 
or plate inside, as these latter are a eonlinnous obstniction, whether 
the gaa is Jig-hted or not. In the ilisnunsion which followed ProfeBsoii 
^ ^ottomle^, F.Jl.S., itnd Blj'Ui,"F.B„S.S.,iw\a Daictn«m.\>BtatocikTpirt. 



CHAPTER SIIT. 

Ventilation Calcdlatiso Formula. 

The following data, first published by the author in 
fte autumn of 1887, will be found useful iu considering 
I snd calculating the size of ■the main outlet pipes and 
I Ventilators to be used for various structures when the 
' ''entilation is to be carried out on automatic principles, 
I and on the lines hereinbefore described, 
I As the sites and sizes of buildings are so various it is 
] difficult to publish a working rule suitable for all cases, 
i&ore especially when mondarrj circumstances form a factor 
In judging- A building, such as a church or school, 
.&□., freely exposed to the wind all round, and especially 
if on raised ground, will he ■well ventilated with about 
Imlf the provision for outlet ventilation that would be 
required for a similar building if in a sheltered position, 
and with high buildings neai' or round it. 

Upon this understanding it may be stated that for 
the outlet ventilation of churches, chapels, and halls, 
seated for say from about 300 persons upwards, the rule 
mar be to allow from half a square inch up to a square 
incli and a half of outlet for each person. The medium 
being one square inch of outlet foi- each sitter*. Another 

■ An aruliiteutural friend, who ia an F.R.I.B.A., iiagest^ 2 iu, as 
the mediiun for churchea, with a reduung toIvb in tciHler. I would 
be glad to see as muofa a« 1 in. accept^ <i/i4 acted up le. 'Wb.eiB 
more is wished the abore I^in. of maximum should be ample with iny 
ventilatora. Three 2i in. dianieter main outlet pipes or two 30 in. — 

Eljuivaleut — would make a fir^-closs job for a chnpch — as 
used— of 801} sittings. At tho same time I should be glad 
inch as 2 in. properly triad.— W. P. B. 
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baais of calculation may l}e to allow from half -inch to 
and a half square or superficial inches of outlet for ( 
120 cubic feet of space. It is generally better to hai 
two, three, four, or more outlets in the ceiling than oiJ 
one, and especially for low and flat ceilings. A ref 
lating valve is used to stop ventihttion when heating i 
&c. Where there are two or more branch pipes 1 
sum of their areas may with advantage be a quarter 
so more than the area of the main outlet pipe. If tl 
church or hall is liable to be occupied for longer tl 
two hours at once, then extra pi-ovision ought to 
made for that ; e.g., if one square inch and a half 
outlet area for each sitter "would be enough for servio 
or sittings lasting no longer than two hours at once, 
square inches or more might be needed if the eervio 
lasted three hours or longer at once. 

Allowing the short allowance amount of the half squai 
inch of outlet for each seat for a church seated for 8( 
means either one 34 in. diameter main outlet pip 
with one of my 39 in. or 42 in. ventilators, or two 18 - 
diameter pipes with two 30 in. ventilators. One squi 
inch of outlet area, again, for each of the 800, woi 
need either a 34 in. diameter main outlet pipe wi( 
51 in. ventilator, or else two 24 in. diameter pipes i 
ventilators to suit. Of course, a half-filled church 
do, pin. iem., with less than a well filled one, but i 
the church or hall is full and too little ventilation ^ 
vided, complaints are sure to he made, especially n 
warm and close weather. "When such complaints are 
made see and put the saddle (or the blame) on the right 
horse. 

The cubic capacity of some churches seated for about 
800 is about 100,000 cubic feet, giving 12-5 cubic feet 
for each of the 800. In others the allowance is more or 
less, as the case may be. j 

In practice I have supplied three 30 in. ventilators, eaofi 
with 17 in. diameter outlet pipe (and self-acting ralvw 
boxes), for a well-exposed church, seated for about 90w 
being nearly | in. of outlet to each sitter. In anothtf 
case only (wo that siae ior &50, ViVlVe iw ow^ ciise for aj 
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cburch, seated for about 1,000, only otie 17 in, dia- 
meter outlet pipe was ordered ! If, in this latter case, 
the attendance was oiily 309 or so, then the one 17 in. 
outlet with 30 in. ventilator might do for a time, under 
such circumstances ; hut should the church attendance 
iucreaae then more ventilation would be needed. 

For some small country churches, seated for ahout iOO, 
one 33 in. ventilator with 20 in. diameter main outlet 
pipe does very well, or two SI in. or 27 in. ventilatora. 
with 14 in. to 16 in. outlets. "When well exposed and 
seated for 250, a 30 in. or 27 in. ventilator with 18 in. 
or 16 in. diameter outlet may do; but all the better the 
larger. If not well exposed a 36 in. or 33 in. ventilator 
should be used. 

Churches, Ac, open to the ridge require no piping, 
unless where, as often done of late, my self-acting valve- 
boxes are used, when a short piece of pipe ahout 2 or 3 ft. 
long is needed between the top of the open-roof val?e- 
"box inside and the ventilator outside, as shown in Figs. 
57, 58, and 59. 

For schools {and, to some extent, for small churches 
or halls holding leas than 300) the allowance for outlet 
ventilation should be much greater per head than above, 
as schools are occupied for a longer time, and daily, and 
by young growing people, hence from 3 j to 5 square in. 
or more of outlet for each pupil is needed, and provision 
ought to be specially made to prevent down-draughts 
upon the he^s and bodies of the children.* It is a 
crime to keep children sitting chilled and shivering 
below "ventilators" that allow oft-repeated or pro- 
longed down-draughts. There is great room for 

• Suppose a echoolrooni, '28 ft. Tiy 25 ft,, aiiJ 11 ft. high, for 70 
pnpile, with an outlet of 5 square lu. in area for each pupil. I^iia 
means an outlet pipe of 21 in. diametor, whiuh, if it were coctraoting' 
B,t 200 liuesr ft. a, minute (or about 4B0 cubic ft.), would chitnge the 
air \a the room nearly three times in one hour. I huvo juHt seen a, 
West-end School Board schoolroom, for I'JD pnpila, with only one 
12 in. -diameter pipe off the ceiling;, which, extracting 200 linear ft. 
per minute, wouM take one hour aad three qnarters to change the sir 
m the room ! A 12 in.-diamet«r pipe for 12D h, less than one square 
ioGb tor each. There should have been two 20 in.-iiiameter pipes for 
See " 2."paffe 123. 
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1 

jard to this. 1 



improvement throughout the kingdom in regard t 
The pretended ventilation, again, sometimes provided 
by means of holes in the ceiling and outer roof, openia" 
directly into the garret or space between, the outer roof 
and the ceiling, ia generally a sham and also a great 
nuisance owing to down draughts. See Figs. 9 and 10, 
&c., as to this. Each scholar in the board schools in | 
Glasgow is entitled to 10 square ft. of surface area in ] 
the schoolroomj and the ceiling must be 14 ft. high at 
least.* 

Police and law courts might rank somewhat as 
schools in regard to provision for their ventilation, hat i 
in respect of these courts being often occupied for a 
longer time at once than the schools, the provision for I 
their ventilation should be greater, being from 4 to 7 ' 
square in. or moir for every 140 cubic ft, of space, or 
for every individual in the court room. 

"When churches, schools, or other buildings of one 
storey are well ventilated — and asphalted — below the 
ground floor, leas direct fresh-air inlets may be neces- 
sary. The sum of the area of the fresh-air inlets at 

• In the Suildiiif News for Juno 27th, 1890, page 926, " G.H.G." 
snjB : " The Edacalioii Dcpartiiioat ^-ve 80 cubic feet aa tuinimiua 
space per scholar, or 8 aquaJB ft. on the floor 8pac*>. For Benioc 
schools the floor area ia about 10 ft. For chusrooms ths n 
allow not less than io ft. super, of floor per pupil. 

ProfeBsor Eosooe giyes liie following table' ; — 
Cubic xpoce 

Cubic ft. AuthorilT. 1 

Board Schools [minimum allowed) 80 Edncational Di)parbliak£ 

General Schoolrooms „ 130 Loudon Subool Board. ■ 

Graded Schools ,, 1I7 

Dundee Board School (average) . 1G2 
Common Lodging House [sleeping 

rooms) 300 Local GovenunBiit '. 

British Army Bmracks (minimum) 000 Army EeguUtioiiH. 

Priaons (seldom under) . . 750-800 Parkea' "Hygiene,' 

Non-textile Workrooms . . 250 Factory Act. 

Army Horses (miuimnm) , . 1600 Army R?gula.tionB. 

,, ,, (ill infirmary) . . IBOO ,, ,, 



' In "On the Ventilation of Schools," a leotoro by Sir Henrri 
Boscoe, M.P., &e., piiUialiedbyT.'W.'E«i.nl(a!i.Qo.,l«nantt. 
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iheir narrowest part may exceed the area of the outlets, 
the opening sashea of windows not being included. 

Hospitals require extra good ventilation, and, accord- 
ing to Dr. Parkes, an allowance of from 1,500 to 2,000 
cubic ft. of apace for each patient — about eleyen to 
fourteen times as much as for schools. So in same pro- 
portion that would mean for ventilation from 28 to 70 
square in. of automatic outlet yentilation for each 
patient. Dr. Parkes says 60 square in., in addition to 
window ventilation, to be available when wished. 

This 1,500 cubic ft. of space for each in the case of 
27 patients would need a ward, say, 80 ft. hy 26 ft. by 
14J ft. And 60 square in, of special outlet for each 
means either four 20 in. diameter ouUet pipes or two 28 
in. with exhaust ventilators to suit. If, however, ample 
outlet ventilation made the patients sooner well, it 
would soon pay itself. Special provision ought to be 
made to protect the patients from down-draughts and 
chills. 

For rooms in houses, &c., allow about 10 square in. 
of outlet area for the room, and then from 2 to 4 square 
in. more for each person in it. For billiard rooms 
about 180 square in., or more, of outlet area may be 
allowed for each table.* I have never seen too much 
outlet ventilation provided for either church, hall, 
school, or room, although often too bttle. The cry for 
better ventilation all round is now being heard, how- 
ever, and the mistakes of the past will have to be recti- 
fied. 

Ventilation for animals is now demanded as well as for 
human beings, and the farmer and other owners of such 
I find that it will repay them tenfold to provide it 
perly. For stables and byres from 60 to 72 square in. 
_ more of outlet area should be provided for each horse 
f cow, and the outlet so fitted as that it will have fair 
play to act properly, and as an outlet. 

Parties writing to a ventilating engineer for infor- 
mation about the provision requisite for ventilating a 
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building, as, e,g,y a cliurcli, should tell the size of the 
building, and if it has an open or a close roof, and how 
many persons it is seated for, and how lighted ; also 

send plaiiSjhowever 
rough, giving an 
idea of ground 
floor, and cross and 
longitudinal verti- 
cal sections. 

Except some 
half - dozen or so 
of new country 
schools, the author 
does not as yet 
know any schools 
automatically ven- 
tilated that have 
nearly as much per- 
j-jg 122. manent provision 

for the outlet ven- 
tilation as the lower rate above given. In some of the 
board schools, and others as well, the paucity of pro- 
vision lor carryinff ofE 
the vitiated air from 
the lungs and bodies 
of the pupils is highly 
discreditable to all 
concerned. 

Figs. 122 and 123 
are (fiagrams showing 
the difference between 
the existing pro- 
visions, as per small 
circles a or small 
squares c, and the 
proper proportion, 
which should be that 



D 
C 



Kg. 123. 



of the large circle b, or large square d. 

Seeing there is a law for 80 cubic ft. of space at least 
ioT each scholar, there ought to be a similar law that 
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tliere stould he 3| square In. at least of proper fixed 
outlet for each pupil iii a country school, and 5 in. or 
more for each in a large town or city school ; and this, 
too, with provision for preventing down-draughts. The 
prisons for our criminals are much hetter ventilated 
than many of the schools for our children, while num- 
bers of our churches have no provision for ventilation 
at alt! 

Many of our architects in the past have been exceed- 
ingly selfish, and great sinners in this respect. If they 
got the outward appearanee of the buildings to please 
them they cared not a rush for the comfort of their 
occupiers. Their idea was to erect as grand mauso- 
leums as possible for their own names — at other people's 
expense. It was a hopeful sign, however, to lately 
hear one of our rising young architects state ; — "I 
would now far rather erect a plain structure, which 
would he comfortable and well ventilated, than the most 
elaborately ornamented edifice that was yet uncom- 
fortable and badly ventilated." 

With words transformed into deeds the public would 
be greatly benefited, and the honour of the archi- 



tectural profession enhanced. 





CHAPTER XIV. 

A Matter of Taste. 



The largo liall of a public building is to be ventilated. 
It is intruded tbat for the outlet ventilation one or more 
wind-acting exhaust ventilators are to be set up 
the roof thereof. Before deciding as to the particulaE 
style of veniilator to be used a natural question it 
what is the style of the a rchiteciure of the building' 
Should this not be attended to, a style of ventilahw 
suitable onlyfor a classic building might be set upupca 
a Gothic one, or one suitable for a Gothic buildinj 
might be set up upon a classic one. It is the provino 
of the architect in this case to select or point out tb 
design of ventilator that will be in harmony with tb 
architecture of the building. 

Supposing the building is a classic one, and, no 
sideration being given to this, a veering cowl is set ui 
in a style passable, perhaps, for a large factory, soma 
thing like Fig. 124. In this case it appears to the 
writer that the ventilating appliance, although it migh 
serve as an outlet for the vitiated air, instead of beinj 
a thing of beauty, would be an everlasting eyesore, am 
in that respect might be entitled to be classed as s. 
nuisance. Of course the ventilating practitioner in thra- 
case might assert that this was all a mere matter o£. 
taste, and if he thought this stylo would give bettw 
results he was justified in using it. This might be 1^ 
mere notion, however, and it shows great poverty o% 
not to be able to adapt the ventilating api " 
as to be suitable to varying conditions, and 
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this case to be suitable to this particular condition, case, 
or structure. It ought to be an axiom in erecting large 
■ventilating appliances, and especially if these are to Be 
set in a prominent position upon a respectable building, 
ttat the appliance should be a Jixed one, and not movable, 
and more especially if the fixed appliance will serve 
"better or as well. Even supposing the fixed appliance 
anight be a small percentage less efficient at first, it 
should be preferred, as it will, if of proper design, give 
ihe most satisfaction in the long run. 




Fig, 124, 



Movable appliances often stick fast and get out of 
order, and generally speaking do not last so long as 
good fixed ones. It is, therefore, a great mistake to use 
them where they can be dispensed with. 

There is no justification in Mr. Hellyer'a experiments 
for their use, so that to set np such u ventilating ereu- 
tion as is shown in Fig. 124, towering high above the 
roof of a classic building in any such way as is there 
shown is, to say the least, open to improvement. 

Nature shows so muny combinations ai ba'aMl-j w 
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efficiency that the art whicli either cannot copy her 
or declines to do so must be very poor or conceited. 
True art can make the useful beautiful ; the want of 
artistic taste may wallow in ugliness. To the untutored 
savage it is the hideously monstrous that is sublime. 

Fig. 125 indicates one way of setting up a more 
appropriate while equally efficient appliance. The pipe 
or shaft, b, in both cases may be supposed to be 3 ft. 
in diameter, and gas may be used if needed at a in Fig. 
125 shaft as in Fig. 124. Suppose the height of the 
garret space, n, in each case to be 10 ft., then there is 






n\ 



Tig. 125. 



sufficient vertical height above the ceiling, e, to cause an 
up-current without sticking up the ventilator 16 ft. or 
20 ft. high above the roof, as shown in Fig. 124. 

With 10 ft. vertically of garret space there would be 
room for a self-acting valve box to be fitted in, and 
with the gas jets in the outlet pipe above the box, the 
gas jets being only intended for occasional use, to in- 
crease the up-current in close and calm weather. 

Should it be desired to have a smaller ventilator than 
the 54-in. diameter one, shown at f, Fig. 125, then, 
instead of putting in one large 36-in. diameter pipe, 
either three 21-in. diameter pipes with 33-in. ven- 
tilatora may be used, or two 20-m. ^Y^^^^\fti &^-ixL. 
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Tentilators for each, and one 25-m. pipe witli a ^-i 
Tentilator in the centre of the three. 

Fig. 126 shows, a large cowl lately set up upott^ 
the roof of a classic building for the purpose of ventilat- 
ing a hall in its upper flat. The erection has called 
forth several adverse opinions in the newspapers, one 
journal considering that even a modem ArehimedeB 
might have some respect for Greek art. Of course 
" Archimedes " might retort, " A fig for your capitals 
and columns, your friezes and mouldings ! Health is 
before ornament : so my sign has been set up on high as 
a testimony to all men of your negligence. Yon should 
not have left this in ray power to do. You call me a 
Vandal — I style you all kumbugs. If a building has 
nothing but ornament to recommend it, it is like — as 
Shakespeare says — 'A goodly apple rotten at the 
heart.' " 

The remarks in this chapter are merely mado to draw 
attention to this question of taste in order to point out 
that there is, or ought to be, an " art " in good ventila- 
tion in more senses than one. We have a National 
Gallery of Art, and vast sums of money are spent in ■ 
connection with it, but imlesa it teaches us to respect^. 1 
appreciate, and love harmony and beaiity, of what n 
is it? 



CHAPTER XV. 

Artificial oe Mechanioai, Ventilation. 

There are two styles in wliich this is carried outj 
Tiz. — Ist, the Plenimi or propulsion system, in wiicli 
the fresh air is forced or blown in ; 2nd, tie vacuum 
or extraction method, in which the vitiated air is drawn 
out of the enclosure. 

In the former plan the air is driven in eitJier hy 
fan or by a pump, or by water or air jets. In the 
extraction system the air may be withdrawn either by 
a fanner or by means of heatj such as hot -water pipes, 
gas H^ts, or by a iire or furnace, or by water or air 
jets. The most common motive power for artificial 
ventilation is the ordinary fireplace in our houses, &c., 
although, generally speakiDg, its use as a ventilator is 
more accidental than iatenied. A great fault of the 
fireplace as an outlet, as has been already explained, is 
its lowness, and this fault is all the more felt inhouses, 
&c., after the gas is lighted if no additional means exist 
for carrying off the heated and vitiated air. As the ordi- 
nary fireplaces have been already dealt with, the arti- 
ficial systems of ventilation here referred to are inde- 
pendent of these. In this country the continuous use 
of mechanical ventilation has been deprecated by various 
authorities; e.f/. in the fifth edition (a.d. 1878) of 
" Parkes' Hygiene" we read; — "In temperate climates, 
in most cases, especially for dwelling-houses, barracks, 
and hospitals, natural ventilation with such powers of 
extraction aa can be got ty utilising the sources of 
warming and lighting, is the best. Who, in facf 
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TTould not attempt to malce uee of those vast powers 
of nature which lire ever ready to serve ua ? Incessant 
movement of the air is a hiw of nature." 

Now, while there is a great deiil of truth in this, 
experience has shown that unless the " vast powers of 
nature ' ' are properly directed and adequately used, they 
are of little service. To load a gun with a heavy char^ 
of powder and putting the ball in first, is simply a waste 
of energy, while using a large ball and only a pinch of 
powder is like fitting up an extra large wind-acting 
ventilator with a microscopic pipe leading np to it^ 
Bad and sham systems of carrying out natural ventil* 
tion have unfaii'ly helped to decry its value ; neverth* 
less — although natura 
ventilation can be mada 
to do good service — as 
Dr. Parkes says, ther^' 
are circumstances in. 
which artificial ventila- 
tion is either a neceeaitj!' 
altogether, or else Of 
high importance as 
auxiliary' to the me 
provided for ordinaij 
ventilation. 

As to whether the pror- 
pulsion or extraction sy** 
tern of artificial ventila- 
tion is the best authori- 
ties differ. Pfclet and.! 
Grassi approved of pro- 
pulsion, but General Morin aasorts that propulsion igii 
much inferior to extraction. Professor Carnelley Beesnoi 
to prefer propulsion, while Dr. Billings goes in for 
extraction,* A great objection made against the pro- 
pulsion system is the taking away of the vitiated aa^ 
at or near the floor level, as shown in Fig. 127. 
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■ The agent for a. oertain TeatUating fan remarlipd to 
tmotion is mach oheapor than propnlsion. Prupnlidon requircB 
» lowei flat for itself tu give it juatioa," 
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In Fig. 127, A is the vertical inlet duct (aay 3 ft. by 
9 in., or it may be tho length or width of the room, 
and say 3 in. wide), carried up about 6 ft. or leas above 
the floor, while B is the outlet (say 21 in. by 18 in,, 
aa shown in face of the wall, the flue or shaft being 
only 21 in. by 10 in. in cross section inside of the wall) 
from near the floor, the outlet flue being carried up to 
above the roof. 

c c c indicate positions or level of the heads of tha 
individuals in the room when sitting, and the small darta 
show the vitiated air exhaled from their lungg rising 
up towards the ceiling. As the air comes iiom the 
lirags at a temperature of about 97", while the incoming 
fresh air blown in at a may be from 57° to 65" or so, 
according to circumstances, it follows that the vitiated 
air, being from 32° to 40^^ warmer, naturally rises towards 
the ceilmg, and not getting out there haa to be forced 
down by the incoming air before it can or will go out at 
B. Aa the air exhaled from the lungs contains one 
hundred times more carbonic acid gas than that inhaled, 
it follows that in a room like Fig. 127, if there are a 
number of people in it, a very large amount of air 
requires to be driven in and taken out to prevent the 
vitiated air accumulating. It must also be remembered 
that the heat and emanations from the bodies have to 
be taken into account. If there are many people pre- 
sent the vitiated air is therefore bound to increase to a 
certain extent, on account of being warmer, as explained, 
and so rising to the top of the room where there is no 
outlet. The incoming fresh air of course dilutes the 
vitiated air, but in doing so and forcing it down towarda 
the low outlet at b, the mured air has to be rebreathed 
by the occupants of the room or hall. If a aufEciently 
large amount of fresh air is made to come in at the 
A inlet or inlets it is possible that in many cases, in 
practice, especially when the room is large and few 
people in it, the result may be better than a look 
at Fig. 127 would lead one to imagine. It must bo 
remembered, however, that should the machinery break 
down or be stopped, the ventilation stops also, when. 
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OS I have experienced, the effect is anything but a| 
able. 

^Vhen the vitiated air is carried off, aa at b, Fig. 127,, 
at or near the floor, about three times as much fre^ 
air requires to be blown in as when the vitiated air is 
carried off at the ceiling. 

Then, again, the amount required to dilute the atm<K 
sphere of the room or hall aufficiently in the daytime,, 
when no gaalighta are burning, would be far too Httld' 
after the gas w is lighted One benefit pointed out ib' 
favour of the Ple- 
num system, and 
drawing off the 
vitiated air near 
the floor, is that, 
the heat of the: 
apartment is more' 
easily kept up;*' 
but, on the other 
rip"" ' 1 1 }i!iud, there is con- 

l|:||! I siderable risk ol, 

|i||[;. I ''l|'|||i|||| ^^^ temperature 

III';''! 'I I being maiuta-ined 

— — ^J ^^. '• — I at the expense oi'i 

Fi-. 138. *^^ purity and 

freshness of th< 

air. A little impurity from carbonic acid gas may 

better than a great deal of cold, but the less impuril 



the better. To keep the ceiling outlet tightly close 
on a warm or summer day is simply absurd, unlea^ 
indeed, an old horseshoe were fixed on the shut valv* 
to make up by faith for what was lost by works. 

In order to give the blowing-machine all the credit 
the windows are kept shut, so that, as one medical gen- 
tleman expressed it after visiting a hospital on a warn 
day in June, where this Pig. lii? system, with outlet a 
the floor, was in fuU play : " I felt aa if I was in a box 
and wanted all the windows open — I wanted /resA air/ 

A great point at one place, held forth in favour oi 
■ This being of moat benMt in winkT. 
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iSie propulsion system, was "that the incoming air to the 
fanner was all strained, but when I visited the premiaea 
the strainers were out of position, being all dirty and 
choked up. The party in charge stated he bad to take 
them out to allow the fanners to get air. In this case 
the strainer was some sort of cloth, the expense and 




trouble of continually renewing which was great. Pos- 
sibly something better has been got now. 

In the new Victoria Infi.rmary, Glasgow, which has 
adopted the Plenum system, the strainer is a large 
horse-hair and hemp sti'inged frame, with the strands 
fixed near each other as per Tig. 128, and sloping 
slightly as per », Fig. 129, Over the top of the screen 
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water can be made to trickl e down from the small troug^f 
c, by means of the damp flannel syphon, n, in order ^M 
cool and purify the air and wash the stranda. The lonM 
trough, c, ia supplied from small cistern at same levdT^ 
The incoming air enters through the vertical cbanneL fl 
A, rig. 129_ (which is 16 ft. long by 3 ft. 3 in. wideii] 
buHt of white glazed bricks, open to the sky), and aftef fl 
being sucked in by the two Biackumn fans — one 5 fL-l 
diameter and one 4 ft. — through the screen, B, is maiit^.l 
to pass through a series of 1-in, diameter steani-pipe§i 1 
as shown at h and J, and is then sent along two largo 1 
horizontal subways, each 6 ft. high by 4 ft. wide, dug J 
out of the ground beneath the building. From thes^| 
subways, or large air- charm els, vertical air-ahafta, wil^H 
regulating-valves at bottom and top, are led up to H^M 
various wards and rooms in the building, as per A, Fi^H 
127. Each fan is driven by a 4-horse-power Orosal^H 
gas-engine, the 5-ft. fan, m, Fig. 130, driving the m^M 
into the principal wards, the 4-ft. fan, n, sending ^^| 
air in another direction to other parts of the buildin^H 
Inside the two large horizontal air channels, and at )^H 
bottom of the vertical air-ducts, leading up from the^H 
there are hot pipes for raising the temperature ^| 
wished. Inside the large air-inlet. A, Fig. 129, there fl^| 
some steam pipes for heating the incoming air in froa^f 
weather, so as to prevent freezing up of the water ^H 
the screen, n. k, Pig. 129, is a hinged wooden diviai^| 
between the two fans, v. Fig, 129, is a wooden door^H 
facing which can be opened or removed in warm weatl^H 
to let the fresh air in without it passing through ^^| 
hot coils. Provision exists for carrying off the vitio^H 
air at the ceiling of the wards, &c., as at d. Fig. l^^H 
when wished, but the valves there have hitherto b^H 
kept shut, the 31 in. by 18 in. valves or outlets afi^H 
near the floor, being used aa yet. ^H 

Fig. 131 ia vertical cross section of one of the !^H 
large outlets for the vitiated air above the ridge of ^^| 
^limding.* There are louvre boards on each of the :^H 
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mdes, as per p p, and inside the louvres there is a ■wooden 
barred frame erected with cloth valves, suspended 
shown at A A, which open outwards, hut shut against any 
attempt of the wind to blow in, Thia was set up in 18S9. 

Fig. 132 is illustrative of the Blackraan fan or 
propeller, indicated at m and n. Fig. 130. 

In conversation with Mr. Key, the engineer who 
planned the elaborate system of heating and ventilating 
hero, which is very good, I could not agree with him in 



gtojy mar 




Fig. 130. 

his idea that tho outlet at the floor was the proper 
for constant use. In summer especially, and in mild wea- 
ther, the outlet at the ceiKng should he used. It may 
be regulated so that the floor one may act too, if wished. 
This would be like a room with a fire in it, and having 
also a ventilating outlet at the ceiling, as, e.£/., in 



Figa. 22, 23, and 24. 
The 



The cost of the ventilation here was under ^£3,000. 
I am not aware what tho yearly expense is. The firaj 
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outlay was more expensive in this case than it mighl 
have been, owing to it being an afterthought. 

Fiff, ia3 ia a vertical section of the Hillhead puhlio, 
school, under the Govan Parish School Board, west 
end of Glasgow. This school is yentilated upon th( 




mechanical extraction system, by means of a 48- 
diameter Aland's paddlis-whcel fan, which draws ia, 
the vitiated air irom the large ducts c c on each eida' 

( it, and sends it out at the open-to-sky outlet, k. 

^W. outlet is 6 ft. 4 in. long, by 2 ft. 6 in. wide. 
m the rain from doing damage, there is a gutter,. 
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e, put in as shown, right below the outlet K, and also 
a small gutter at bottom of slope on each side of g. 

There was a large ordinary wooden horizontal louvre- 
boorded ventilator put on at K at first, but, as these 
often do, it proved a nuisance, and had to be taken off. 

The fan is worked by a 2-hor80-power Otto gas 
engine e (cost of such now with water vessel, £123), 
wMch is shown as seated upon the same level of floor 
aa the drawing class. In reality, however, the floor 




on which the engine sits is several foet higher than 13 
shown* 

The vitiated air from the various rooms is led off by 
18 vertical rough brick flues, A A A A (each 10 in. by 
9 in.) in centre of walls, and also by the long 7 ft. 
fay 6 in. vertical ducta, b' B B n, which, as seen in 
horizontal section or plan. Fig. 131, debouch into the 
large horizontal flues, d n, »nd from n d by the paa- 

• Profeaaor CamellBy Bays : — " A 5 h.p. g-as-engrne is amply siiffl- 
cient for drivingf a 4-ft. Blacknum or Alind fan," At aoma schoola a 
3 h.p. enginp is UBcd, price o£ wMcli, with water veosol, is £15S. 



162 VENTIIATION. 

sages c c • to the fan, and then out through 
Fig. 133. 

In the principal rooms on the ground floor and 
stair up, the outlets for the Titiated air are ! 



mgh outlet K,H 




to be at one aide of the room, just under t 
There is one long opening in centre in Greek c 

• Tho two passages or flues, o o, do not go in Htniig-ht fo the fan i 
shown in Bketoh given to me, but the7 eijiand townrds the fun ti 
full widOi. 
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fretwork about b ft lone b} about 5 in deep and at 
each end of this a few feet apart there !=< an opening 
about 10 in square In the ecionce and di awing 
classes in top flat next the roof the ventddting outlets 
are a long slit about tt it by 4 in off the ceiling of 
each room filled in vith pcrforited zmc allowing the 




vitiated air to flow up directly into the large ducta 
D D. 

jj Vigs. 133 aud 134, indicates the large staircase 
and lobby in centre of the building. 

Fresh air is wanned in the chamber h in basement, 
from which fluea are carried to rooms and admitted at 
floor level. There are also hot-water pipea in the 
rooms. The air capacity oi the scVtuA w 'i'^^5 Ji^'^i c»>5\svl 
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ft., which i J 

minutes. "Whea I tested the speed of the outgoing ) 
air at k, with tho fan on, it was iibout 1,000 lineal ft. | 
per niinute ; when the fan stopped, the outlet was only I 
about 200 liueal ft. a minute. The children had ] 
gone out then, so that room doors and windows were i 
partly open, but, even with this, tho outlet was five J 
times as much with the fan on as with it off. It was 1 
all needed, however. 1 

The same day I examined a new large three-flatted 1 
school ventilated automatically. The air was not what , 
it should be. To put in a small 9-in. diameter pipe in 
1890 to carry off the vitiated air from a school-room is 
absurd. The top rooms next the roof could be venti- 
lated pretty well automatically with large enough pipes, * 
but it is more difficult to ventilate the lower rooma 
properly. In a large street-flat room the air was only 
going out at the outlets at the rate of about 120 cubic . 
ft. a minute, which would have taken about an hour 
and a half to empty the room once. These long brick 
flues, rough inside, retard the outgoing air very much ; 
by friction, so that when the brick flues from different 'i 
flats are led into the same ventilator, the flue that ia 
nearest the ventilator and the shortest has the best .^ 
chance. 

In one of the rooms the windows were open, allowing 
the cold air to blow iu upon about seven^ littlo girls, , i 
some of whom must have felt it badly, but had not the 
sense to complain. j 

To give satisfactory results, large schools of three or J 
four flats and a thousand or more children should 1 
mechanically ventilated. 

The new Stewartville public school, Partiek, is beind| 
ventilated on the same plan, as shown in Fig. 133. 

When I visited Fig. 133 school, lately, in the aft 
noon, the air was very good in all the rooms exce^ 
one, which was not as fresh as the rest, owing to soms 
deficiencies in tho fresh air inlet to it. Improvemenflj 
could be made with the inlets generally. The archil 
tecta were Messrs, H. &, D, Barclay, GW 
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Inliis report on this school. Professor Camelleyaaj-a: 
"The temperature over all the Bchool was almost 
perfectly constant, viz., 58" F." This ectool, aa stated 
above, is not under the Glasgow School Board, although 
Hillhead is looked npon as virtually part of Glasgow. 
In regard to the Glasgow schools, Professor Camelley 
appears to have been told that their ventilation was 
Batisfactory, but he seems to have been rather dubious 
as to this,* for he says ; "But whether this is the case 
or not it is difficult to say, as no analyses of the school 
air appear to have been made." 

In the opinion of the writer he was quite justified in 
this disbelief, as many or moet of the Glasgow schools 
have neither proper nor auflficient provision for their 
ventilation. In fact, some of them, so far aa the writer 
can judge, are veritable manufactories of influenza.f 
The writer regrets that he cannot point to even one of 
them as a model of satisfactory automatic ventilation. 
No doubt a report in the newspapers of some opening 
address, giving a glowing account of the ventilation of 
some new school, mio;ht be pointed to, but this might be 
of no more value than an after-dinner speech. The 
writer has read high accounts of the ventilation of some 
place where his own appliances were fitted up, but if 
these were too small, &c,, this mere verbal recommend- 
ation of them would not malte them work any better, 
or do what, as fitted up, they could not do. 

* The GlaBgow Suhool Boai^, althoa^h it has. inler alia, a nambei 
of largo direo-flutted t-i:lioola, hits not as jet gone in ior meobanical 
TentilHtioii. Tte plunx of a, iiDW ihres-flattod ttcliool about to be 
erected at tho east end of the city were sent to tlie writer, who stated, 
that to get realiy satiriactory ventilition in it, Bnppoaing anch conld 
be done by natnral roeans, the provision for ventilatiog it automati- 
cally ought to be made larger and better arranged than in the schools 
hitnerto erected, but the writer recommended that raeohanical ventila- 



meohajiically ventilated. This, if piMperly done, would not only give 
good resulta, bnt would also afford oipportiinity of judging as to the 
oomparatiTe merits of the antoituLtio and mechanical syeteaa in the 
aame school. 

t In jostice to the arcMtectH, it should to stuted that they httre not 
been allowed a free hand — for ueveral years baok, at least — to deal 
with the TentUalion of the aohook wliioh they design.. 
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Even supposing the wind-acting ventilators used* 
were the best in the kingdom^ the outlet ventilating 
pipes are far too small. To use a 9-in. pipe where the 
necessities of the case require an 18 in., cannot give 
real satisfaction. Probably improvements in this re- 
spect will be made by-and-bye. 

Professor Camelley gives the following as the rela- 
tive expense of heating and ventilating schools on the 
natural and mechanical systems : — 

Cost of heating and 
Tentilating mty. 

f "^"^""^"^"^ 

Per head. Per school of 

1,000 pupfli. 

8. £ 

Natural (Op«n fires t 4 200 

Vpntilation \ ^"'"^ hot-water pipes (high, pressure) 8 400 

(Large „ „ (low pressure) . 10 600 

Mechanical ( As applied to schools suitably designed 17 850 

Ventilation \ As applied to ordinary schools . . 20 1,000 

To fit up a school for 1,000 children with mechanical 
ventilation would seem, from the above table, to cost '] 

♦ The writer happened to call upon a brother tradesman recentily 
who was going to fit on a £4 148. wind- acting exhaust ventilator (not 
an ornamental one), for a 9-in. pipe upon a school. This ventilatar 
was supposed to have wonderfrdlv exhaustive powers. PermissiaiL 
was asked to test it against one oi mine, for same size of pipe. Un- 
fortunately I had not a ventilator for a 9-in. pipe in stock at tiie 
moment, but anxious to see the test I ventured one of mine for an 
8-in. pipe, price £1 18s., against the other party's 9-in. one at £4 Us. 
The cheaper one won by about five per cent., notwithstanding the dis- 
advantage of the check given to it by its smaller pipe. Kow one of 
my ventilators could have been got lor a 13 -in. pipe for less than 
£4 14s., whidi, at the same rate, would have drawn up more than 
double the quantity, which would be a great matter in an auto- 
matically-ventilated room, e.ff., a 9-in. diameter pipe only gives one 
square inch of outlet for each pupil in a room for sixty-two, while the 
13 -in. pipe would give fully two inches; or in a room for thirty 
pupils, while the 9-in. pipe only gives two square inches for each, the 
13- in. pipe would give fully four inches, which approaches the neces- 
sities of the case as stated in the formula, p. 143. Inefficient venti- 
lation at a high price is as bad as short allowance and a long g^raoe. 

t Heating by open fires is radiation ; by hot- water or stcam-pipee, 
conduction — the air getting heated by coming into contact with the 
pipes. The so-called steam or hot- water "radiators " heat princi- 
pally by conduction, as may be easily proved by suspending one 
thermometer, say, a foot high right above the " radiator " and another 
right in front of it and six inches from it. Blowing heated air into a 
place is heating by convection. See Walter Jones' "Heating by Hot 
Water, " publi3ied by Messrs. Croaby Lockwood & Sou» 
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_ £500 more than if automatically ventilated, 

■which at 4 per cent, is £20 a year. The difference 
in the Jirst cost of the two systems might, however, 
be a good deal less if the provision for automatic venti- 
lation were properly carried out. But when done, the 
■automatic ventilation per se might be said to he costless 
afterwards, whereas the expense of gas for engine and 
repairs to it are a constant factor.* Where, however, 
there is a man constantly on the ground, at any raf«, 
then for a large school of three or four flats the expense 
of the mechanical system (especially if on the extraction 
method, as per Hillhead School) is really very little per 
annum. The doctors' and the undertakers' fees are less 
to the parents, and the attendance and attention of the 
children at and in the school are better where the ven- 
tilation is good. 

The expense per pupil of mechanically ventilating a 
email school of, say, 500, is much greater than for 
one of 1,000. In his "Comparison of Natural with 
Mechanical Systems of Ventilation," Professor Car- 
nelley says : " A comparison of the results obtained in 

n regard to the Hillliead school 



EevolntioQa of engine per miiiuto 156 

„ fan ,, „ 290 

£ B. d. 
Gas, per hour. 2d. ; oil, per week, 6d. ; 1 lb. of white 

cotton w&ete per week 

Om, per 1,000 cubio ft 2 10 

33 houra per week of fan going-, coat of gaa . , .050 

Gout for one year of 13 weeks, independent of breakage 13 2 6 

To Bttye the ffaa in some schools tko engine is stopped at the iut<!r- 
Tsla, hnt that does not gisa fair play tu either the ventilation or the 
children. TTie engine ooght to be kept going during the interval, bo 
Uiat the children may have really fresh air when they come bank. 

"Where a school for ],0OO chitdi-en is only one story in height, 
Uien it might he well enough ventilated automatically, if ritnated in 
jHi open epoce where the wind can get freely at it ; but when the 
school ii in three flats, and the architect or his superior looks upon 
Batisfactory ventilation as a bugbeaj or a nuisance, and not worth 
considering in the atruotural arraugcmeuta, then it is very difficult to 
get pKjper provision put in for efficient automatic ventilation, supposing 
ft wen possible to do it. 
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naturally ventilated, with those obtained in mechani- 
cally ventilated schools, taken as unity, shows distinctly 
that the latter is far more effective, thus : — 



Excess over 
Outside Air. 


Dundee SoIiooIb. 

(Camelley, Haldane, and 
Anderson.) 


Aberdeen Schools. 
(Brazier, Thompsoa.) 


M'echanically 
Ventilated. 


Naturally 
Ventilated. 


Mechanically 
Ventilated. 


NatnraUy 
Ventilated. 


Temperature . . 
Carbonic Acid . . 
Organic matter 
Micro-organisms . 


1 
I 
I 

1 


0-66 
1-7 
7-0 
9-2 


1 

1 
• • 
1 


0-9 
1-6 

• • 
7-2 



** The above table shows that, notwithstanding the 
very great improvement in the purity of the air, the 
temperature is considerably higher in the mechanically 
ventilated schools than in those under the ordinary 
systems. To produce such an improvement in purity 
by the ordinary methods of opening windows, &c., ^ 
would reduce the temperature to a very uncomfortable 
and dangerous degree." * 

Professor Camelley goes on to say : " Mechanical 
ventilation reduces the number of micro-organisms in 
the air, not merely during the time it is in action, but 
it has been proved to have also a very marked effect 
after it has been stopped and replaced by natural 
ventilation, this effect extending over a period of many 
days at least. 

" Mechanical ventilation, also, as shown by Professor 
Brazier in the Aberdeen schools, keeps the composition 
of the air more or less constant in the different parts 
of a room ; whereas, with natural ventilation, it is 
liable to be much less pure at one part than another." 

* This remark does not give fair play to automatic ventilation, for 
we have here recently-done mechanically vrell-ventilated schools, com- 
pared with • older schools, whose ventilation on the natural system is 
a mere sham, or very inferior to what they should and might b3, if 
properly done. 
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Now this dependa a good deal upon circumstances, 
although it may be allowed to be pretty truo, as there 
are bo many badly naturally-ventilated schools at 
present in existence. It so happens, however, that 
there are or were some mechanically- ventilated schools 
the air of some of the rooms in which, when I visited 
them, was bad. 

On page 47 it was stated that Professor Hay had 
found diseases of the respiratory organs especially rife 
in schools among the gins. Since mentioning that, I 
happened to be visiting a large Board school, and came 
across a room with about forty young ladies, or girla 
frona about eleven to fifteen, in it, which seemed to me 
to show how the e;irl8 auifered most. The boys in 
school keep their jackets on; the girls, in this case, 
were sitting without theirs, while the windows were 
down about two feet from the top. There was no 
proper provision for the ventilation of the room other- 
wise, and BO the girls had and have to suffer. 

At another school the ventilation is by casement 
windows opening inwards and allowing the cold air to 
blow in upon the backs or sides of the children. In 
Bome of the rooms there are no flues or pipes for carry- 
ing off the vitiated air. One large room for 120 girla 
had only one small pipe off it, giving about three- 
quarter square inch of outlet for each child — a ridi- 
culously small amount. Yet these are west-end schools. 
The history of more than one pupil might be fairly 
eketched as : — To-day frisking as a lamb — a shiver and 
a struggle — to-morrow nothing but a memory. These 
words may raise a saddening echo in the breast of many 
a harassed and bereaved parent. 

Then what about the teachers ? Is it right that they 
ehould be forced to fill their lungs with vitiated air at 
every inhalation while they are speaking to and teaching 
our children P Is there no room for a Httle chivalry to 
be shown to them, not even to the ladies among them P 
Do we allow our mechanical engines to get rusted and 
clogged to get the best work out of them ? 

All this must be rectified, for it won't do to allow our 
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Bchoolfl to be turned into "Black Holes" and mann- 




faotories of consumptiyes. Many of our School Boards 
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ought to do penance for their sins in this respect, but 
the only sentence ■worth anything is rectification. 

Figs. 135, 136, and 137 show style in which the 
newer portion of the Allan Glen's Technical School at 
Glasgow has been ventilated, Mr. "WiUiam Forrest 
Salmon, F.R.I B A , being the architect. In this case 
the vitiated air is carried ofE from the chemical kbora- 
tory by the two horizontal wooden ducts, 18 in. by 12 
in., fixed up below ceiling, as indicated by the dotted 




mes in Fig. 135, and through the evaporation room, as 
indicated at e and f, Fig. 136. s p, s p. Fig. 135, in- 
dicate positions of two chemical " stink presses." The 
one nearest the chimney haa its ventilating outlet pipe 
4| in. by 3 J in. in crosa section ; the other one is 6 in. by 
4^ in. in cross section, delivering into the vitiated air 
duct. The openings with sliding valves on the aide of 
the vitiated air ducts are lOin, by tijin. when full open. 
They are not all open at once, but are regulated to 
suit. When I tested the speed at these outlets the rata 
was 700 lineal ft. per minute at the end inlet of the 18 
in. by 12 in. shorter duct nearest the chimney, and 850 
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lineal ft. per nunute at the second of the Bide ml 
of same duct, the valve being only 3 in open 
At the far end of the longer duct the speed was oi 




30 lineal ft. per minute. At the third opening fi 
the far end of same duct the speed was 140 ft, 
minute. At the seventh hole from far end, 370 
at the ninth hole, 570 ft. per mini 
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Tte nearer the chinmey tte quieter. At the 18 in. by 
12 in., opening f (right into chimney in l.he evapora- 
tion room), which was full open, the speed was 2,000 
lineal ft. per minute. The large duct, c c c, which 
goes along underneath the floor, receives the vertical 
ducts D D D, &c., which carry off the vitiated air from , 
near the ceilings of the rooms above. The large duct 
c c c, as shown at c in Fig. 137, delicera into the large 
chimney about 9 ft. lower than the duct from the 
chemical laboratory. The leight of the ceiling of the 
laboratory is about 9 ft. It is supplied with fresh air 
passing over hot-water pipes, also through opening 
windows on the hopper principle. 

Fig. 138, had I got it in time, might well have 
followed Fig. 11. It illustrates how natural ventilation 
can be spoiled by mistaken fitting up. In this case, E 
is the seat for a ridge ventilator, with 20-in. diameter 
outlet at F. Into the bottom of e five pipes join, as 
per Fig. 139. Of these three arc shown in Fig. 138, 
viz.. A, B, and d. a is 13 in. in diameter, say, and 
B and D each 9 in. A, as will be seen, is a short pipe 
coming off the ceiling of the top-flat room. It is of 
metal, and smooth inside, b, from the bottom of e to 
the top of the vertical wall, is of metal, but the flue it 
joins on to is of brick, and rough inside all the way 
down to the inlet below cornice in street-flat room at c. 
Now it stands to reason that, especially when there is 
little wind, the wind-acting ventilator seated above w 
will be able to pull very little through a smaller pipe 
from an opening situated so far away as c is, when it 
can get so large a supply from the top-flat schoolroom 
through the larger pipe. A, near it. 

Upon testing pipe as per A lately, the air was going 
out at A at 450 ft. a minute, but when I went down to 
C, the indication was less than 40 ft. a minute. This 
speed at the outlets in the lower room would have re- 
quired about two hours to renew the air of the room 
once, while the top room would have been renewed 
three times in the nour. "While, therefore, the auto-i 
nmtic ventilation of the upper room g was comparatively! 



174 



I'ENTILATION. 



good, that of the room h, two flats below, was verj 
bad. The outlet pipe of the top-flat room next to c 
was smaller than A (9 in. diameter), and went into { 




23-in. main pipe having six branches ; it only indicate 

100 lineal ft. a minute with the windows shut, whic 

gave far too little quantity oi outlet lot ^^^VwAxoovscl, 
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Fig, 140 showa the style of fitting in and connecting 
the flues in the walls, for carrying off the vitiated air as 
adopted by Mr. J. Murray Eobcrtson, architect, of 
Dundee, for the new Technical College 
there. In this caao two flues or ducts, 
p p, one from each side of the same room, 
are led up from the inlets, i i, near the 
ceiling of the room, r, and both join 
at J into the outlet pipe of the No. 1 
curved - topped Buchan's Ventilator, v. 
flues, except the two shown from the room E, join into 
the ventilator, v, so that all the air passing out through 
said ventilator, v, comes from the room b. The outlet 
ventilation of the room 
B, Fig. 140, is therefore 
carried out on a much 
better principle than that 
of the room h in Fig. 
138. 

"When pipes from 
different rooms are con- 
nected into the same 
wind-acting ventilator, as 
per Fig. 138, then, 
should tiie windows in 
the room connected with 
the pipe B be open, when 
those of room connected 
with pipe D are shut, the 
air may rush up pipe n 
and little or almost i 




Fig. l-iO. 



go up the pipe d. Should the windows in room 
again, be opened when those of rooms k and H are 
shut, then the ventilation of those two latter rooms is 
virtually stopped for the time being, so that Fig. 138 ia- 
another example of " How not to do it," so far as auto- 
matic ventilation is concerned. 

It would be a good rule that every school- room should 
have a thermometer hung up in it. 



CHAPTER Xyi. 

Railway Carriage Ventilation. 

"When some woman poisons lier husband, or a hus- 
band poisons his wife, a great outcry is made. The 
crime is everywhere denounced, and rightly so ; but 
should hundreds of people be killed hy beine forced to 
sit in draughts, nothing is said about it. He or she 
caught tt severe cold in the train, which resulted in 
death ; but while the active criminal is punished, the 
far worse — Judging by the effects — negligent one 
escapes. There is something wrong here, but there 
may be faults on both sides- 

The railway companies may he wrong in purveying 
carriages which, owing to the want of simple iind pj^per 
means for ventilation, readily allow their customers to 
catch cold in them. The public again are to blame for 
too tamely continuing to pay for and use these carriagoa. 

As this apathy on the part of the pubh'c may bo 
greatly the result of ignorance, we shall here say a few 
words tending to show the danger from badly-venti- 
lated carriages, and suggesting a remedy. 

In most of the compartments of our railway carriages 
there are two doors, as at A and b. Fig. 141, and i 
each door there is a window, and above each window 
small ventilator, as at s and t. Fig, 142. The roof of 
the carriage is about 15 in. or so higher than this 
door- ventilator. Supposing the train is going in the 
direction of the arrow c, ^vhile the wind is blowing as 
indicated by the arrow d, it follows that if the window 
or ventilator is open on the aide a, the wind will have 
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Q tendency to blow in with considerable force in the 
direction of the curved arrow l. Supposing the com- 
partment is fully seated, then the persons e and f next 
the window may be those who will be least affected by 
the incoming air, and those seated at g, h, and i the 
worst, while j, k may also be annoyed, or J and K may 
be worst. The person sitting at f, especially if he is 




Pig. lil. 



on the Bunny side, may put the window down and be 
sitting in selfish comfort, quite regardless of the annoy- 
ance and dajigor to bis fellow passengers ; but a little 
consideration should enable him to imderstand that 
when the wind is blowing in the D direction, and the 
smoke from the furnace of tbo engine is seen out of the 
B window, that it is the B window on the leeward side 
that should be open, and not the A window on the 
windwai-d side. 

i3 
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When the wind is strong, and esnpeciallj if the air is 
cold, even when both windows are shut, if the ventilator 
in the door on the a is open, the wind will sometimes 
rush in through its slits at a great rate, and in a way 
to be very annoying and dangerous. 

Railway travellers ought therefore to imderstand the 
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M 



1 1 1 




Fig. 142. 

difEerence in effect between opening the windward and 
leeward windows or ventilators. 

Of course many will say, " We must have some venti- 
lation, surely P " This is undoubted, and it brings one 
to the point, where I assert that the sanitary require- 
ments of the generality of our railway carriages are 
shamefully neglected in this respect. There ought to 
he provision made to carry ofi tn© Nitia.ted air exhaled 
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" "W the passengers at the roof, and not merely at the 
odes, and some distance iehw the roof . "When the aim 
18 shining in summer the atmosphere of the compart- 
ment is often most disagreeable, owing to the large 
quantity o£ warm air heated up by the hot roof, which 
cannot make its escape as there is no outlet in the roof 
to let it out. The health of the public demands that 
this should be seen to, and that all compartments of 
railway carriages should haye a proper ventilating 
outlet in, or through, the roof, with hit-and-miss valve 
to open and shut it, similar to what sorae special first- 
class carriages or sleeping- compartments have got. 

The member of Parliament or other person who will 
cause this to be done will be a public benefactor. 

In many of our schools the cubic space allotted to 
each pupil is 140 cubic ft., but in the compartment of 
a railway- carriage seated for ten persons, as per Fig, 
141, which shows ground plan, and Fig. 142, whicn 
gives a vertical section, we have only about 26 cubic ft. 
for each person, or only about 260 ft. for the whole ten. 

A compartment I travelled in to-day measured 7 ft. 
b\ in. long by 5 ft. 2 in. wide and 7 ft. \\ in. high in 
the centre, all inside, hut the sizes vary a little. There 
being no ventilating outlet in the roof, it follows that 
all above the dotted line M is unventilated, and forms a 
cistern for the warm, vitiated air from the lungs and 
bodies of those present to gather in. This is wrong, 
and to cure it there ought to be a ventilating outlet in 
the roof as at N, Fig. 142, to one side of the gas or oil 
lamp p. Q and r are the windows, and at s and t W8 
have the ventilating sliding slits. It stands to reason 
that with this outlet at N far less opening of the 
windows q and b would ventilate the compartment than 
without it. 

The atmosphere of most smoking compartments ia 
not fit for a pig to breathe after several persons have 
been smoking in it for a time, owing to the want of a 
proper outlet ventilator on the roof. In fact, were 
anyone to force horses or cows to breathe such an atmo-' 
sphere, it would be looked upon as cruelty to animals. 
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Ventilate our railway carriages, therefore, in sucli a 
manner as to keep their atmosphere as pore as possible, 

without causing either 
discomfort or danger 
to health or life to any 
of the passengers. 

Fig. 143 shows a 
modification of Fig. 
89 exhaust or outlet 
ventilator suitable for 
the top of a railway- 
carriage, the vertical 
outlets being at the 
four comers, w w w w, 
but on the sides xx. 
It will be noticed that 
the front and back 
plates, or wind-guards 




Fig. 143. 



Y and z, are broader than the side plates x x. This is 
in order to all the better keep rain or snow out of the 
inside of the ventilator when the carriage is moving 
rapidly against the wind. The dart or arrow at y indi- 
cates the direction in which the train is running. 




CHAPTER XVII. 

Ventilation of Dkains, Sewers, etc. 

The systematic ventilation of the drains and. soil- 
pipea of houses, &c., upon approved hygienic principles 
is of quite recent date. "Until u few years ago the 

feneral practice was to ventilate the diainB into the 
ouses. This might not be intentional, but all the 
same it was the result of ignorance, carelessness, and 
callousness — the throe ghoula who have preyed upon 
humanity for millenaries. When, however. Nature 
does get upon the right track she often attempts to make 
up for lost time with a rush. "VVe see this in our nine- 
teenth century improvements in travelling and inter- 
communication, as well as. in our perhaps more pro- 
saic subject. 

During the last dozen years there have been no 
hygienic texts more preached upon than the trapping and 
ventilation of drains, although of late especially another 
rival for public attention has been coming prominently 
forward, viz., the smoke-test. Between trapping, ven- 
tilating, and smoke-testing drains the owners of pro- 
perty have had a sad time of it. They have been forced 
to do evil that good might come, Tet notwithstanding 
their self- sac rihce, the public are ungrateful ! By-and- 
bye, when every man is his own landlord, he will be forced 
to lay, rectify, and keep up his own drains at his own 
expense ; and in case he might lift this book on " Ven- 
tilation," expecting to find some information in it about 
drains, it would be a mistake to disappoint him. Drains 
are distinguished from sewers in that the former have 
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generally to be supplied and kept up by tbe proprietor 
of each nouse^ tenement, or building, wnereas tbe latter 
are generally put in at the general expense of the town, 
or, at all events, are generally kept up at the public 
expense. 

As the public sewers in the streets receive into them 
the discharged waste waters, &c., conveyed by the drains 
from the houses of the healthy and the imhealthy alike, 
it follows as a rational precaution that each house should 
be safely protected from all bad emanations coming into 
it from the pubKc sewer. The recognised practical 




Fig. 144. 



mode of doing this is by putting in upon the line of the 
drain between the house and sewer some efficient inter- 
cepting trap, as indicated at b in vertical skeleton 
sketch, Fig. 144, where s is the public sewer in street, 
B the 5-in. or 6-in. intercepting trap on drain, c the 
front rain-water pipe, with a 4-in. trap at its foot ; d is 
the soil-pipe for the water-closets, with an air-pipe off 
the water-closet traps. The soil-pipe in this case is sup- 
posed to act as the ventilating blow-off for the drain, k ;* 
F is the back rain-pipe, delivering above ground over 
the trap, h ; g is the sink, whose waste-pipe may dis- 
charge into trap, h, or into grease trap as per H,Fig. 145. 

* A three-gallon flush of water could fill 6 ft. of a 4-iii. diameter 
p2pe, neaxly 2^ ft. of a 6-iii., and 13 in. of a 9-in. 
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The fresli air for ventilation of the drain, k, ia sup- 
posed to enter either at the top of the trap, n, or, what 
is better, from a side air-inlet, a,* proceed along the 
drain, as per the upper arrow, go up the soil-pipe, d, and' 
out at the top of its ventilating pipe, d'. The sewer, 9, 
is ventilated by the grating, r,, in middle of the street. f 
Fig. 145 ia ground plan of a larger house than the fore- 
going, and indicating more in detail the fittings used 
now in executing the drainage of a lai'ge house upon 
improved principles, and showing two different ways of 
cariying out the ventilation of the drains. At the hack 
of the house the ventilating air-current in the drain is 
shown as going the same waij as the imter-Jfow, the 
blow-off for the drain being at D. 

At the front of the house the ventilating air-current 
is shown as going in the opposite — and more customary 
— direction from the water-flow, the blow-ofE being at 
B. The writer has executed the work satisfactorily in 
both waya. 

In Fig. 145 we will suppose the houae atanda due 
cast and west, with front to the south. In that case 
the manhole at the south-weat comer contains both a 
6-in. No. 6 or No. 8 Buchan'a trap, j, in two pieces, 
and also a single branch access pipe, K. This access 
pipe has a strong iron lid, eealed down with Kme and a 
thin coating of cement on top of the lime. The small 
outer eye of the trap is also sealed down with lime. 
The trap and the access pipe are better to be both set 
in Portland cement concrete. The fresh air inlet to 
;he trap and drain along front of the house may be at 
i, on surface of the ground, by an iron grating, say 10 
m- square, or so. In Eiome cases the side fresh-air 
inlet may be from a 4-in. iron pipe set up at end of 
bouse 6 ft. high or more, and near f. The trap j in 
';he manhole prevents all aerial communication he- 
the drain going along the back and west end of 

• See Fig. H7 <ind remitrks upon it. 

t Other etylea of rentiluitiiig tho eewora are referred to in Figa. 158 
and 154, and mgea 323 to 32T of "Plumbing' and House Drainage," 
dtb Edition, No. 191 of Weale'a Seriaa. 
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f &.e house, and the drain along the front of the house- 
When the lid K in the maidiolG is Hfted, the water 
front both draina ia seen vmiting and passing on. This 
pipe here may bo 7 in. diameter, or i± it has a. 
good fall of an inch or more to the yard from the 
manhole, 6 in. may do. Eoth main drains coming 
into the manhole may he 6 in., or partly 6 in. 
and partly 5 in. ; some of the branches being only 
4 in. L is a G-in. double-branch access pipe. N 
shows poaition of the soil-pipe in a large mansion 
house,* whieh delivers into a Buchan'a trap with a 
small 8-in, iron access plate above it, the fresh air inlet 
being round the comer at Fj as shown. The two traps, 
J J, on each side of the entrance are supposed to be 4-in. 
No. 2 Buchan's traps for i-ain-water pipes, r may be 
either a soil pipe or a bath or basin waste pipe, with 
fresh-ail' inlet at o, w is an access bend ; n, a httle 
farther along, a box trap with slop stone for surface 
water, aa are all the gratings marked o. « ia a 4-in. 
strong iron blow-off pipe, painted with red lead inside 
to prevent rusting up. 

The access pipes, K, L, and m, enable the interior of 
the pipes to be viewed at any time to see that they are 
all clear and clean inside. 

At p, Fig. 145, there is another 6-in. Buchan'a trap 
with the drain from the back of the house delivering 
into its side. This trap may either be set in an inspec- 
tion chamber or manhole or not, according to its depth. 
If it be less than 3 ft. deep, and in easily and readily 
dug up, soil, a manhole may be unnecessary or merely 
optional : hence it ia indicated merely in dotted lines. 
It will he observed that a side pipe leads off from both 
vertical openings of the trap. The one off the outer eye 
of the trap leads to the 4-in. or 4J-in. iron blow-off 
pipe B, which ventilates the main drain or sewer beyond 
all the traps. The other pipe leads to the 4-in. or 4J- 
in. blow-off pipe d, which ventilates the drain going 

" At " StraoatJiro," the reeidenno of Jamoa Ales. Campbell, LL.D., 
H.F., the relative podtiona of two of the Boil pipes and their iout sir 
pipe* we aa shown at s and v. 
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lllong the back of the house. The f j'esh air in this latter 
case enters at t:, which may either be an iron pipe set 
up about 6 feet high, or an iron grating at ground 
leVel. 

As indicated by small circles at D and e, it is useful 
to have a 4-in. eye near foot of the blow-off pipes, which 
ia closed with a lid, so that access can be got at any 
time to the foot of the blow-off pipes to see if they are 
all clear, or to stuff them at foot temporarily when 
smoke- testing the di-aina, 

"When the blow-off is at the lower end of the drain, 
as at D, both openings on top of the trap are closed, each 
by B round iron lid, the smaller or outer one being 
most securely sealed down. 

8 is a side fresh-air inlet on the ground for the No. 2 
or No. SBuchan'strap, 

J for a water-closet A a 

soil-pipe. T is either a 
3-in. iron pipe acting 
as fresh-air iulet or a 
rain pipe, the trap j in 
this case serving for a 
wash basin and bath. 

H is a Buchan'a 
grease trap for the 
scullery sink. Near the 
there may be a 




Fig. 147. 



inlet c at bead of drain 
pipe delivering into either a 4-in. 
No, 2 Buchan's trap or a Field's flushing tank. 

Fig. 146 shows vertical section of drains and soil 
and waste pipes of a house ; the drawing pretty well 
explains itself, hut if further information wished, it 
may be got in the author's text-book on " Plumbing and 
Hoiise Drainage," No. 191 in Weale's Series. 

Fig. 147 shows vertical longitudinal sectional 
sketch of side fresh-air inlet d b, referred to when de- 
scribing Fig. 144. In this case an iron access plate A. 
is put over the house side of the trap, while the fresh 
air enters through the iron grating it. When the 
grating is put in at a, rieht over the trap, and espe- 
cially if the trap be under uie pavement where children 
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play about, they will sometimes choice the trap bjf 
putting in pieces of wood or umbrella wires down 
through the grating, but wlicn the grating is placed ia 
one side of the trap, aa at b in Fig, 147, then the 
children cannot choke the 
trap, as the sticks or wirafl 
iall into the small pit F. 

This side fresh-air inlet 
is also of advantage in pr^ 
venting occasional puffa^ 
out of smell being so easily, 
if at all, felt when a water 
closet is let off, as the fresk 
air in the side pipe D and 
has to be pushed out firs^ 
and by the time it is out the closet may have stopped 
running. In some houses the water-closets and baths 
are put up in a special projecting wing of the hous^ 
with a short intervening passage and door, and with a 
window or windows in the passage. The Joists of this 
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Fig 149 



laid across it (not wili their endai 
into the main build- 
ing) so aa the bettei; 
to prevent gasea from 
the pipes passing into 
the house between the 
joists. 

Figs. 148 to 151 
show the styles of 
Uuchan's patent traps 
referred to in FigB, 
145 and 146. In. 
Fig. 148, styled No., 
2, the inlet and outlet 
ends and the well o£ 



the trap are all the same size, and so they are in No. 6,i 
Only Tvbile No 2 trap is all m one piece. No. 6 is in 
two pieces, so that the top part and side inlet b, FJg. 
149, may be turned in any direction desired. 
Fig 150 le the same as Fig. 149, except that in Fig. 
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' 150, styled No 10 trap, the well h is small, e g , 
Bopposing the inlet and outlet it and f to be 6 la. 
diameter, then in Fig 150 tlie well ii is onlj 4| la. 
diameter , the intention 
of this IS to make the \ \ fl ^ '[ 

trap more self cleans- )) ^~f|J 



In Fig 151 again, 
known as No 8 trap, 
while the well c i^ 
about 4f in diameter 
when the inlet and out- 
let ends B and D aie 
in., the top fresh air 
inlet and mHpection 
opening, k, ih larger, 
fjs., 9 m diameter 
This gives more scope for 
allows the head 




r^ 150 



ipection and cleansing, and 
a man to be put m to look along 
the dram coming into the tn,p to see if it is all clr>ir, 
and no cement sticking up at on^ of the joints, and no 
tools or bucks, itc, left mside the pipe to choke it. 
These tnps are made m 
Tarious sizes, and are m 
use all oTer the woild 
They not only lock off 
eewer gases trom the 
house, but also keep out 
eewer rata. Quite oblivious 
of these advantages, one 
responsible pubHc official, 
Bome years ago, actually 
advocated the use of the 
soil pipes and rain pipes of houses as ventilators for 
the public sewers, quite overlooking the destruction to 
property that might have been caused by the invasions 
of U16 rat armies, and the increase in the death-rate 
from the bad air following in their wake. Fortunately, 
the higher intelligence of the sitnitary authorities pre- 
vailed. 
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Fig, 1 52 IB vertical section of the Buchan'a 
trap, indicated at H, Fig. 145. Thia is the one used at 
Balmoral Castle, and at many hotels, workhouses, and 
inonsioDS throughout the kingdom. It may be had in 
two sizes. Illustrations, showing modes of fitting it in, 
may be seen on pagea 302 and 803 of " Plimibing," or 
from the makers, Messrs, J. and M. Craig, of Ejhnar- 
nock, Scotland, who also make and supply the following 
patent access pipes, shown at k, l, and m. Fig. 14a, 

Fig. 153 shows a plain access pipe, c, in position, 
At the faucet end it has a soKd attached block. A, wHdi 
rests upon the ground, or upon the concrete, if a layer 
of concrete is laid down for the pipes to rest on. When 
the pipes are to he con- 
ereted they should first lie 
properly laid, jointed, and 
■^lolce - tested, and then 
they can he concreted all 
rjund, if wished up to tup 
of the longitudinal fancrt 
F. This faucet f holds the 
iron access lid e. Tlie 
imall sketch d, " Fig. 4," 
shows cress section thrcugh the access pipe, and we see 
that the full section and height of the pipe inside are 
preserved. The iron lid e is sealed down with lime 
and a thin coating of cement on fop of the lime. 
Some architects have advocated the use of an 
opening on the top of each drain pipe, or of having the 
entire upper haK of the pipe in pieces, so as to get at 
the bottom joint of each pipe inside with the handy 
but as maybe seen by a glance at Fig. 154, this ia quit 
imnecessary. Supposing it were really necessary to g( 
at the interior of each joint with the hand, this can I 
done, as in Fig. 154, by having each alternate pipe a 
acccsa pipe. The spigot end of the intervening pipe 
being got at from the access opening n, while the fai 
end of L can be got at from the access opening c, eao 
access opening giving access to two joints. It is ii( 
reaUj necessary, however, in general practice to hava 
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the access openings bo close (only 5 ft. or so apart} as j 
shown in Fig. 154. To have them about 10, 15, 
or 20 ft, as shown in Fig, 14-5, is much more sen- | 
sihie. It would be a pure waate of money to have a 
access pipe at every second pipe, as shown in Fie, 154 ; 
while as for the notion of having a drain pipe laid in 
two halves, that is a pure waste of cement, and mafeea 
a very weak pipe, and with such an enormous amount 
of jointing that there is far more scope given for aerial 
lealcage than is at all necessary. When drain pipes 



are laid about or through a house in two halves, the 
word " Incompetency " wiould be printed in large 
upon the backs of all connected with the work. 



workman cannot lay drain pipes properly and tightly I 
with acceaa openings at intervals, as shown in Fig. 145, 1 
he should not bo allowed to lay drains for the sanitary 
fittings of a house at all. 

Plumbers are now being registered as a token of 
competency throughout the kingdom.* It is high time 

' This regietratioii movement;, wUcli origJnated at tlie Healtli 
EihibitJOQ in LotidDn, in 1884, is now ccmmiuidiiig' public attentiau. 
Ths Worshipful Company of Plmnbers, Iiondon, dcserva great praise, 
and, in fact, tho thanka of the whole oominuiiity, for the trouble they I 
have token, and ^ money they have expended in working oat and 
Bpreadiug this movemont througtont the kingdom. Ita derk, Mr. 
W. K. E. Coles, Ins been devoting the greater part of bis time for ' 
Bome years past in connection witt lis movement. Its progress has 
also been helped on by the laboui» of Mr. Aloi. M. Scott, Writer, 
Glasgow, who has been Secrctjiry of the District Coimcil for Glasgow 
and the Weet of Scotland since ita formation in Jannary, 18S8, and 
who, in addition to writing the "Himiber's Catechism" already 
referred to in the fifth edition of " Plmnbing," also framed bye-laws 
whiuh aro used as a model over the Mngdom. 

A congress of delegates from aJl tie diatriot conndls of Scotland, 1 
' " 'n Edinburgh, on Slat Jxilyand IstAugust, IBBO. A number 1 
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iJhat masons also who lay drains should be registered, 
for the amount of aickneaa and death that Lave been 
produced from their bad workmanship is incalculable. 
From the child of the peasant to the prince at the 
throne no one has been safe from them. In thouaands 
of cases still, just aa surely as the eun seta, the angel of 
disease and premature death follows in their wake. 

As for the intentional scamper who pretends to have 
laid pipes where there are none, he is a virtual murderer, 
yea, verily, an assassin, and should be treated accor- 
dingly. Buchan's traps and smoke-test are amongst 
the best detectives for these gentry.* 

Fig. 155 is an enlarged view of the single branch 




Fig. 155. Fig. 166. 

patent access pipe shown at k. Fig. 145. In this case 
the branch l is to the left. Of course the pipe can be 
bad with the branch to tbe right, and also with two 
branches as at l in Fig. 145. 

Fig. 156 shows an accesa pipe with rounded branch 
K and L (^ right and left) on each side to catch drains 
coming into the main drain at a light angle. 

Fig. 157 shows a patent access bend. In this case 

the bend is said to be to the left. The longitudinal 

• The maphine -applied Bmoko-tcirt for drains and soil-pipes, 

invented and first introduced bf tlie author about fourteen years ago, 

is now a recognised public inatitution. It ia referred to by our Jndgm 

am the Benoti and in Act^ of PorliameDt rotating to the public bealth. 

Bcfenmoc was made to it iiilir alia bj tlio writer in the Sanitary Setoi-d 

^tar May 24th, 1873. It appeals to the aenaw of both sight and hoibII, 

^^ and haa cauaxl thousands of houses tu lie trausfomiuil from tevet- 

I bnoding dena tu healthy bomsH. 
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access openings in Figs. 155, 156 and 157 are all oloaed 
in with a sti-uug iron lid, which is made tight with lime 
and a thin coating of cement on top. In cases where 
the access pipe is in a manhole or 
small brick access - chamber, and 
espoeiaUj when inside the bmlding, 
a la3'er of sand one inch thick may 
be put in above the lime and cement 
on tho lid, to act as a filter, and s 
an extra precaution should a slight 
ci-iick occur ia the cement over the 
lid. 

Pig. 158 is a modification o£ tl 
access pipe and pipes shown in Fig. 
In this case a couple of I'ibs are cast on the; 




bottom of the pipe t 
Epace H between the r 



shown at A a, Fig_. 159. The, 
. may be filled in with Portland 



cement or concrete for greater strength, ospeciaEy 
when laying the pipes in soft ground. This pipe ib 
known as Buchan's patont improved rihhed drain pipa 



Fi^. 159. Fig, 100. 

and it may be had from Messrs, J. and M. Craig, Kil" 
marnock, Scotland. 

Fig. 160 is a cross vertical section of one of my fi 
clay slop stones with projecting pap in bottom i 
aHowmg the water to drop clear off and not aoak th^ 
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ground, as is so customary with the flat-bottomed slop 
stones which hare no such pap. 

Reference was made in Pigs. 144 and 146 to ventilat- 
ing the sewers by gratings in the middle o£ the street. 
This does very well in many cases. It ia fl most abomin- 
able and dangerous practice to ventilate the sewers, as ia 
done in some towns, up through the iron rain-icater or 
guUey gratings at the edge of the pavement. Many people 
have caught disease and eome have been killed by 
standing to speak on the pavement close to one of these 
gutter gratings. Children bending over them or sitting 
near them, as they often do, are apt to be poisoned and 
killed by the emanations from these gratings — " and a 
good thing, too," says the political economist. The 
plan is both selfish and cowardly, however. All these 
gulley gratings should have a water trap below them. 

In some cities even the gratings below street water 
taps or drLnking fountains are untrapped, so that 
drinkers may get food gratis in the shape of disease 
germs when they come to drink. This shoiJd not be. 

In certain towns, such as Wimbledon, the sectional 
system of ventilating the sewers has been introduced, 
while at Torquay the high-level system of sewer venti- 
lation is in use, ventilating shafts being carried up to 
blow ofE the sewer air above the heads and houses of the 
people, not below their noses. Of course care has to be 
taken not to have the blow-o£E pipes of either soil-pipes, 
drains or sewers below or near windows. 

Fig. 161 shows high-level system of ventilating a 
Btreet sewer, as proposed by me in vol. V. of the " Trans- 
ections of the Sanitary Institute of Great Britain." 
In this case the " down pipe " may he either a 4-in., or 
6-in. or so, cast-iron pipe, of strong soil-pipe strength, 
which admits fresh air to tho sewer. The " up pipe " 
ia of same size and strength, and may either he finished 
with an exhaust cowl, as at c, or the pipe may be 
carried to above ridge and finished, as at d. The access 
to Bflwer from the street is covered with a strong iron 
plate, F. This plan was published in 1S83. 
» Instead of finishing the tops of the pi^ca, as ahowaia 
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Fig. 161, they may be done as in Fig. 162. The mouths 
of the pipes in this case are set to perpetually face the 
middle of the street, or the one mouth may look to the 
street at an angle up the street, and the other mouth 
down the street, and so on with the rest ; so that which- 
ever way the wind blows it may tend to make the out- 







Fig. 161. 



current go from the house, a a indicate two access- 
openings, covered with iron lids, for access to bottom at 
upright pipes, if wished, without disturbing them. The 
principle may be carried out in a variety of ways, the 
outlet being made to look aa an OTnament or finial, Ac 
Fig. 163 shows Tiow to Tnakfe a \^^^v£i%-^c^^^ 
laying drains witli. Take a ipVec.^ oi ^Xaxi^^ ^^^ V« 
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thick, 2i in. broad, and eitier 3 ft. long, as per i,, or 
3 ft. 9 in. long, as r, + c in sketch. Suppose the 
drain-pipes are in yard lengths, exclusive of the faucet, 
and it is intended to give each pipe a fall of i in. or 1 
in 72, then a small piece of 
iron, brass, lead, or wood J 
in. thick, is fixed on at H, 
then at other end a piece of 
wood, or its equividenf, is 
fixed on at h, f in. thick. 
When the pipe Q is put into 
the pipe p, and the spirit- 
level, 8, is applied, as per A. 
or B, it will easily be under- 
stood that when the air bulb 
stands at A or a, the faucet 
end of the pipe q is ^ in- 
higher than the faucet 
end of the pipe r. Some pig. i62. 

tradesmen level their pipea 

on the top outside, but that does not secure such correct- 
ness of level as levelling on the bottom inside of the 
pipes, because the pipea are not always exactly round. 
If it is wanted to give a fall of 1 in 3G, then, with the 






levelling- rule at ii raised -^ in., a piece of wood or a 
pin, to project 1^ in., is put on at H. 

When jointing the pipes caro has to be taken, while 
making them tight, not to leave any of the cement 
sticking up inside the pipes, at the joints. Of course 
the use of the access pipea, Figs, 145, 153, and 1S4, 
lends to safeguard (hat. 
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Fig. 164 illustrates tie new "Adjustable Gradie 
Indicator," lately invented by Mr, T. J. Mosb Flowerj 
Baiiitary engineer, Bristol. The Indicator is shown as 
laid upon the top of a drain-pipe, D e, having a fall of 
2 in. to a foot, a is the brass plate with the various 
gi-adients engraved on it, such aa 1 in 6, 1 in 36, 
or 1 in. to the yard, 1 in 54, or ; in. to the yard, 
and 80 on. b c is the limb carrying the spirit tube. It 
works about the pivot at c. h is a tangent screw put 
on upon the finer insti-iunents where very exact adjust- 
ments are necessary. An ordinary length of the 
instrument is 10 in., but it may be had any lengtL 
Purther particulars may be had from the patentee. 

Iron oxidises readily, and galvanised iron is soon spoilt 
in a manufacturing district where there is much acid 
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rain. If well painted, however, both cast iron and gal- 
vanised iron last very much longer. Cast-iron pipes.- 
for rain and for ventilating sewers and drains snoul' 
be painted with red-lead paint itiside in addition to t' 
outside painting. If not well painted inside, the i 
ventilating pipes of soil and waste pipes rust muolM 
sooner from the vapour and a''r than the pipes beIoW|T 
which get a coating of grease from the the waste watery 
Metal exhaust ventilators on buildings might be paintedl 
every four years or so. 1 

Instead of painting iron pipes many prefer to dip I 
them in boiling tar or " Smith's solution." Iron pipeSrI 
intended to be exposed and painted Vai. \ift\!wt "&a't\ ■ 
tarred, aa the paint does not adVeie 'we'ii Xa 'Cq» \ax. 



PTEE xvni. 

Ventilation of Batii-Eodms. 

The number of deaths that have been caused by the 
nae oi gaa-heatod hot-water appliances, or artificial 
. geysers, in bath-rooms calk for some special remarks 
regarding their ventilation. 

On page 20 it is stated that 1 part carbonic oxide 
gaa in 1,000 oi ordinary air rapidly destroys life. Now, 
as the cubic capacity of many bath-rooma is only about 
500 to 730 cubic ft.," it follows that when so small an 

• Why should bath-rooma be suoh miBerably small and dingy appnr- 
tananoea as they bci often are? Many are only about 7 ft. by 4 ft., 
and with a water-closet, too, in that, so that it ia virtnally doing 
penance to batbe or wash in some of them, not to speak of the dansoc 
of kMnmng one's elbows against tha norron' walls. Even in higmy- 
rented houses the bath-iooma are amall, and a good-aized one wiUi ' 
fireplace in it a rara aeis. They are often badly placed between tw 
bedrooms, or between the drawiDg''roonL and a bedroom, and so ai 
often a noixance to persons in either the drawing-room or bedroom, 
espeinally if there be a Ore on in either of the latter to draw the ale 
from the bath-room to it. In the writer's bouse when he got it the 
bath-room — 10 ft. 8 in. by 7 ft. 8 in., oontaining bath, closet, and 
■wash-basin— was in the first flat, between the drawing-room and bert 
bedroom, and the soil-pipe going down inside the house and the dcaiiv 
light through it. This did not snit the writer's ideas, and all were 
olaared out, the bath-room — 12 ft, by 10 ft.— being put on the gro ' 
flat, yriOi a fireplace iu it, and ventilated as showo in Fig. 23, 
drama being nil put out oE the house, and bath and baalna, closettt, sint, 
wsHh-houHO, and rain-pipes discharging into separate disoomieoting 
trapa. The whole Burtace of the ground in the empty space— several feet 
down from tho wooden flooring — was asphalted, and a hidden wall 
huilt betow the ground, about & in. out from the front and two 
pablHS of the honse, aU to keep out damp air from the interior of tho^ 
honas. After eight years' experience of thi-t tho writer oonaiders '■'—'' 
prevention is better and cheaper in tha long Tna "iJiMi. i 
with sanitation aa with Bome Other useM ftin^, ftii 
not £rom merely talking about it, but by gtacfeKm.^^. 
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amount as one-half or three-quarters of a cubic foot of 
carbonic oxide is generated in a bath-room by a gas- 
heated hot-water apparatus, and no ventilation pro- 
vided, the person in the bath-room maybe very quickly 
and quietly killed by the poisonous gas. 

We read in the newspapers just now of the sad 
death of the son of Admiral Croft, a young man of 

nineteen, so killed. He 
went into the bath-room to 
take a hot bath before 
dinner, the water being 
warmed by a gas -heated 
geyser, but failing to come 
out again, his parents got 
alarmed and broke open the 
door, when he was found 
dead in the empty bath, poi- 
soned by the carbonic oxide 
produced by the gas when 
so used.* 

The room was not venti- 
lated. Bath-rooms should 
be ventilated by the win- 
dow, as per f, g, Fig. 23, 
for inlet, and for outlet 
either a 4 -in. or larger 
ventilating pipe put in, as 
per Fig. 88, or its equiva- 
lent, as suitable in the cir- 
cumstances; and where 
geysers are used, in addi- 
tion to a ventilating pipe 
Fig. 165. properly put in for the 

geyser or gas-heating 
water apparatus — which in some cases is troublesome 
— a ventilating opening might be made into the lobby 
near the ceiling, say 18 in. by 6 in., with a couple of 

^ * Gas burned in many heating appliances has a much more per- 
nicious effect upon the atmosphere than when burned openly, as ujsed 
forligiiimg. 
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louvre boards in it, ns per a, Fig. 165, and another 
opening in the door at its bottom, about 14 in. by 5 
in., or BO, with an iron grating in its face, and inside 
the door a board about 18 in. long by 7 in. broad, or 
ao, fixed on at b about IJ in. out from the door, i 
to allow air to get freely in at the top of the board, 
also at the bottom or enda, and at same time prevent 
the bath-room being seen .into through the grating. 
Had a wooden board been fixed up inside the top of the 
window, as at g, Fig. 23, and the fresh air allowed to 
come in at F, Fig. 23, while the heated, poisonous gaaes 
^ot exit up a tubo, a, ofE the ceiling, as in Fig. 88, or 
uito the lobby through opening, as at a, Fig. 165, then 
a number of persons, now dead, might still have been 
living. 

The object of this sKort chapter wiU be served if it 
causes occupiers of houses, &c., to take extra precau- 
tions in the ventilating way in bath.-roomB, or other 
places where gas is used for heating geysers or other 
hot-water appliances, or for other heating purposes. 



CHAPTER XIX. 

METHODS OF EXAMINING THE AIR OF BUILDINGS. 

(1.) Testing for CO^. 

The important impurities present in an atmosphere 
vitiated by the products of respiration and exhalations 
from the skin, &c., are, broadly speaking, of two kinds, 
or if we include the low forms of life, or micro-organ- 
isms which generally flourish in such an atmosphere, 
of three kinds — one, a well-defined compound which caa 
be readily estimated, namely, carbon dioxide or carbonic 
acid gas, the other an ill-defined organic substance or 
substances containing nitrogen, which probably are very 
unstable, readily undergo putrefaction, but for which 
there is as yet no very satisfactory method of measure- 
ment. The number of micro-organisms, on the other 
hand, can be determined with great exactness. 

Although a knowledge of both qualitative and quan- 
titative chemical analysis is essential in order to under- 
stand and carry out the processes thoroughly, the which 
may be obtained from works on the subject, yet we 
shall deal with the methods in some detail, as we ven- 
ture to think that in these days of abundance of scien- 
tific education and technical instruction, many readers 
will be able to follow the text intelligently. 

The methods about to be described are those by which 

Professor Camelley carried out his classical experiments 

on air (Camelley, Haldane and Anderson, Phil. Trans. 

Roy. Soc, Vol. 178, 1887, B., p. 62) and subsequent 

papers, and are the metKoda no^ ^en^^^^ ^^^\ft^^ 

because they are easily carmOl out, ixiv^ \N:^^ x^^\J^^ ^- 
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tamed can always be strictly comparable with those of 
the above-mentioned investigators. 

(1.) Carbonic Acid. There are two methods of deter- 
mining COj in air, both depending on the fact that 
carbon dioxide combines with the olkalino hydrates to 
form carbonates, the two methods differing in detail 
and mode of carrying out. In the one case the increase 
in weight indicates directly the amount of 00^, in the 
other the amount of alkali neutralised indicates the 
amount of COj wliich baa combined to form a neutral 
carbonate. This last is known as Pettenkoffer'a method, 
and is the one we shall describe. 

Most persona will have observed that when a bottle 
of lime-water has been left standing for any length of 
time uncorked, a thin scum or crust has formed on 
the surface of the liquid. This scum ia really carbonate 
of lime, which has been formed by the combination of 
the COj in the air with the lime dissolved in the water, 
and it is not difficult to sec that if we know beforehand 
how much hydi'ate of lime we had to begin with, and 
find out how much ia left, we can tell with absolute 
certainty how much has boon used up, so to speak, by 
the CO,, and from that the CO^ itself. This is precisely 
what is done, only baryta-wuter is used instead of lime- 
water. 

So much for the principle of the process : let us now 
see what apparatus and chemicals we require for the 
complete operation. For collecting the sample a wide- 
mouthed glass -stoppered Jar or bottle is best. It must 
be from four to six litres capacity (about a gallon), and 
this must be measured correctly to a cubic centimetre, 
so as to know exactly what volume of air is being dealt 
with. Of course this only requires to be done once, 
and the volume scratched on the bottle and stopper with 
a diamond. The bottle is then washed chemically clean 
and dried, and is then ready for a sample. Some sort 
of bellows is required with which to change the air in 
the bottle for the air to be examined. Ordinary bellows 
have been used, but it ia preierable to Ba<?s. w^ ''JoS' ^sa 
aad allow the sample to fl.QW in. xouaft. "OBft X.'.&ft- 
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capital bellows can be easily manufactured from an old 
concertina by substituting for the reeds woocleii ends, 
with proper vaNea and spout. This latter should be at 
least 1 inch in diameter, and long enough to reach 
within an inch of the bottom of the bottle, and at tha 
eame time leave 3 or 4 inches out to get hold of with 
id comfortably, whilst the other works die 







bellows. Besides these, we require a burette, a 50 co. 
and 25 cc. pipette, burette stand, four-ounce flask, 
stirrer, and turmeric paper. The first standard solution 
we require is oxalic acid. This is obtained by dissolv- 
ing 2'863(i grams of pure crystallised oxalic acid in a 
litre of distilled water : each cubic centimetre is then 
equivalent to 'OOl gram COg The baryta solution is 
made as follows : 100 cc. oi a, saX.wi-a.'w.i ^alution of 
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bariimi hydrate is diluted vrith five or eix times its 
' Tolume of distilled water, well shaken and then stan- 
darised hy means of our previously prepared standard 
oxalic acid. To do this 25 cc. of the baryta-water ia run 
into the four-ounce flask, and the burette is filled up to the 
mark with standard oxalic acid. The oxalic is ruu into 
the flask containing the baryta a few cubic centimetres 
at a time, and the flask weU shaken, keeping the neck 
of the fiaek closed with the thiunb. This operation ia 
continued until a drop of the solution taken out with 
the stirrer no longer leaves a red mark on turmeric 
paper, or until the red mark Just disappears. Several 
trials are necessary, as it is essential that the exact 
point be accurately obtained. 

We next read off on the burette the amount of oxalic 
acid used, and this gives us the exact strength of the 
baryta solution. Let us, for the sake of example, sup- 
pose that we have finished the preceding operation, and 
■we find that 35 cc. of baryta- water are exactly neutral- 
ised hy the addition of 20 cc. of our standard oxalic 
acid. If, then, on shaking up a known volume of air, 
with 25 cc. of barj-ta-water, we find on pouring out the 
25 cc. into the flask and treating it cautiously with our 
oxalic acid, that it no longer requires 20 cc. of oxalic, 
but 19 cc. to just hit the point on the turmeric paper, 
we know that the place of 1 cc. of oxalic acid has been 
taken up hy carbonic acid, and as we made our oxalic 
solution of such a strength that 1 cc. of it was equivalent 
to "001 gram CO,, it therefore follows that this is the 
weight of COj which was contained in the known 
volume of air taken. It only remains, therefore, to 
' convert this weight of COg into volume, and then a sum 
I in simple proportion will give ua the result in volumes 
I per 10,000, which is the customary expression for this 
gas. We shall now describe the method of taking a 
sample and work out an actual analysis. Suppose we 
make a determination of outside air. The bottle should 
be dry, and placed about tiirec feet from the ground. 
The stopper ia removed, tbe Wi\o-«a \Tvftei\.e&.,«;^'&«sN:5 
to forty sd'okes given, wliict Hh.oiA.&. etiwax^i c:,otk'^"' 
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change of tlie air in tlie bottle for the air to be examined. 
On witlidrawiDg the bel- 
lows 50 cc. of baryta- 
water is run in witli a 
pipette, the stopper in- 
serted, and the tempera- 
ture noted. The botllu 
ia then removed to tlio 
laboratary or room 
where the analysts ia to 
be made and shaken up 
repeatedly in order to 
bi'ing the baryta in con- 
tact with the whole of 
the air, so thai complelo 
absorption of the COj 
may take place. The 
bottle should then, be 
allowed to stand for 
several minutes to allow 
tho precipitated barium 
carbonate to ^subside. 
When this has taken 
placG the stopper ia re- 
moved, and 25 cc. or 
half of tho solution is 
withdrawn by means of 
a pipette and run into a 
clean four-ounce flask. 
This ia then treated or 
titrated with standard 
oxalic acid imtil the red 
I etain on the turmeric 
paper just disappears, 
the volume of oxalia 
used is then read oS 
and the analysis is com- 
pleted. Suppose, then, 
our bottle to have had a 

capacity of 5'050 litre?, tho tem^ierature to have been 




Fig. 167. 
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10° C, the amount of oxalic acid required 18 cc, and 
25 oc. of our baryta-water equal to 20 ol oxalic acid. 
As 50 cc. of the capacity will be taken up by the 50 cc. 
of the liquid introduced this must be deducted, making 
the available capacity 5-000 litres. Again, wo found 
that 18 cc. of oxalic acid were required instead of 20. 
This shows that 2 cc, is equal to half the CO3 in the 
sample, aa we titrated one half only of the baryta ; so 
that altogether we have 4 cc. neutralised, and these we 
have seen are equal to "004 grm. COj. We have, there- 
fore, 5 litres of air at a temperature of 10" C. containing 
■004 ffrm. COj. Now, one litre of 00^ weighs 1-9712 

grm., therefore "004 grm. 00^ is = 1^2 '^^^'^^^ 

litre at a temperature of 0° C, but at 10° C. the volume 

will be (correcting for temp.) — ^ y . -r- ■ — ■ 

3= -002103 litre of CO, in 5-000 litres of air at 10° C. ; 
how many litres will there be in 10,000 of air ? simply 

00210.1 X 10,000 ,„^ ^ , lAAAn* 

p.- — : = 4'20 parts or volumes per 10,000.* 

This description may seem a little difficult to follow 
at first sight, but it is in reality very easy. Of course 
in actual practice a series of constants are calculated for 
each bottle, for each degree centigrade from 0° to 20°, 
so that one has only to multiply the constant for the 
temperature in question by the number of cc. of oxaKc 
acid equivalent to the CO^ in the sample. Suburban 
and country air generally contains from three to four 
volumes per 10,000, so that the solutions might be 
roughly verified by the analysis of a sample taken from 
either. 

(2.) Testing for Organic Maiier. 
Aa haa already been pointed out, this is an impurity 
which does not admit of very accurate measurement. 
■ Here we have not taken into account ttecorreution for atmospherio 
preBsnre. For example, the araoimt of COi hero determined wonld be 
4-36 Tola. U the boiimeter stood at 20 inohca iiiBtead of 30. The 
difieFenoe ii, however, to (light that in ordimuj aaaei it mnj- be 
tkegleoted. 
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This may be due to either its not being of constant com- 
position or its imstable nature, as one can easily imagine 
that a reagent which may be affected by it in the 
nascent condition may not be so affected after it has 
undergone decomposition. As it contains nitrogen, one 
method proposed, and indeed carried out to some extent, 
notably by Dr. Angus Smith in his classical experiments, 
is that known as the ammonia process for water analysis. 
Mr. Foggie, F.C.S., recently made quite a number of 
determinations by this method in the air of schools, 
but it is not a method which will ever come into general 
use, as it is a tedious process ; the reagents require to 
be very specially prepared, and to be specially looked 
after when they are prepared. Besides, there is another 
source of error which can hardly be avoided, and this 
lies in the fact that as a considerable volume of air 
has to be operat.ed upon, and there is of course a Unlit 
to the size of the jar used to collect the sample, it 
requires to be filled by means of the bellows several 
times. In order to be certain that the residual air is 
removed each time, a number of strokes in excess of 
what would fill the jar are necessary. Now it is just ] 
possible that the organic matter from the air in these 
few beUowsf ul may be absorbed by the water in the jar, , 
and thus indicate a greater amount than the total calcu- 
lated volume of the jar. The method, however, may be 
used as a comparative test by always taking the same 
number of jars-full of air and giving the same nimaber 
of strokes of the bellows in re-fillmg. It may be of 
interest, having said so much, to give a resum^ of the 
process. A quantity (250 c.c.) of specially-purified 
water, free from ammonia, is shaken up with a known 
volume of air. This water partly dissolves and partly 
takes up in suspension the various impurities present. 
This water is then subjected to the process for estima- 
tion of ammonia, as in an ordinary drinking water ; that 
is, it is distilled from a retort, first with a little carbo- 
nate of soda, when the free ammoma comes over in the 
distillate, and is estimated co\oT\m<b\rc\G^^ V3 Tsi^'sssia. 
o£ the brown tint wliicl[i "ISesalex'^ Tea^eii^ ^v^^^^^ 
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ammonia, a standard solution of ammoniimi chIorid»J 
giving the comparatiTe coloration. Next, to th^J 
remainder in the retort ia added a strongly alkaline J 
solution of permanganate of potash, which converts 
part of the nitrogen of substances like albumen into 
ammonia, which again comes over on distillation, this 
being termed the albuminoid ammonia. The results 
are stated either in parts per millioa or in milligrammea 
per cubic metre of air. I 

The method now generally adopted for organic matter ] 
is a modification of that omployed by Angus Smith. 
(Dr. Carnelley and Mr, Mackie, "Proc. Roy. Soc," 
vol. xli., p 2;l8.) 

The principle of this process depends on the fact that 
when organic matter is brought into contact with a 
solution of permanganate of potash it is readily oxidised, ■J 
the pink colouj- of the peimangamite at the same timel 
nndergoing a bleaching action, which maybe said to bej 
proportional to the amount of oxidation which has takei^l 
place. The mode of operation is as follows : — A knowul 
volume of air is shaken up in a convenient jar or bottle, ' 
aueh as has already been described for determination of 
carbonic acid, with 50 cubic centimetres of a standard 
solution of permanganate of potash. After agitating 
the jar for six or eight minutes, half of the solution 
is withdrawn by means of a pipette, and run into ■ 
one of a pair of exactly similar glass cylindei^I 
6 or 8 inches high by about 1^ inch wide, with glass 
stirring-rods, standing on a white tile. Into the other 
cylinder are run 25 cubic centimetres of the standard 
solution ; to both is added an equal bulk of pure distilled 
water, and the liquids stirred. The cylinder containing 
the sample will be more or less decolorised according 
to the amount of oi'ganic matter present in the sample. 
What now remains to be done is to add from a burette 
juat sufficient of the standard solution of permanganate 
to bring the tint up to what it was originally, i.e. to 
the colour of the second cylinder, Wten this has been. 
doae the number of c.c, used ia xeaiV <sS. oti. 'Ca.ft\i'axe?»\.'i. 
tmd Bs each cubic centimetTe Vs ei^vfaXKoSj^Ki ■'^'^^'^'* 
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pram of oxygea. and we tnow tto exact capacity of Gu 
lar, we can easily arrive by a suitable calculation as to 
how mucb oxygen is required to oxidise the organio 
matter in 1,000,000 volumee of air. 

The standard solution of potassium permanganate ia 
obtained by dissolving 3156 grams of K MnOi in a 
litre of water, taking 10 c.c. of this and diluting it to one 
litre, along with a little dilute sulphuric acid. In exaot 




Fig. 168. 

Atpliances fob Oeqjkio MirTBR. 

S, BtapdaTL] solution of potanJam penooDganafe. 
le liquid from 2. 4, a afi cc. pipette to withara' 
)m JHr after ehakiD^. G tmd S, avta cylindera lo c 



experiment it is necessary to standardise this solution 
against a standard solution of a ferrous salt, but that' 
process need not be detailed here. 
In this, as in the ammonia method, the strictest at- 
tention to cleanliness is caaeiitiaV m OTiet \n 'StiXsuai.'ws 
tJimg- like accurate resiilts. Tke ^aT ma&'t'\«> -cisiwA 
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with the aolutioa, and neither the pipettes nor the 
stopper allowed to come in contact with the fingers 
where they are Hkely to touch the permanganate al'ter- 
wards. 

Unfortunately there are several substances which also 
have a bleaching action on the perm.anganato, aa, for 
example, sulphur dioxide and sulphuretted hydrogen, 
These gasea, however, are not generally met with under 
ordinary conditions, unless, perhaps, traces in rooms 
where coal gas is escaping or being consumed. Never- 
theless they are impurities in every sense of the term. 
For all practical purposes, the permanganate method is 
considered to give reliable indications as to probable 
amount of deleterious organic matter, and is more easily 
carried out than the ammonia method. 



(3.) Testing for Micro-organisms. 

In the classical researches already referred to (Dra. 
Camelley, Haldane, aod Anderson,) the method adopted 
for the determination of the number of micro-organisms 
in air, was that proposefl by Dr. Hesse, of Darm- 
stadt. It consists in slowly aspirating a known volume 
of air through a wide glass tube which is coated 
internally with a highly nutrient jelly. As the air 
passes through it deposits all solid pai'tieles on the side 
of the tube, and the living matter finding itself in good 
soil, multiplies rapidly, giving rise to chimps, or colo- 
nies as they are termed, visible to the eye, the number- 
of these colonies indicating the number of microbes 
present in the amount of air taken. The method is very 
lolly described in their communication, " Phil. Trans. 
Eoyal Society," vol. 278, 1 887b, p. 62, to which those 
interested are referred. It may be useful, however, to 
give a general outline of the details of the process. 

The Hesse tube, Fig. 169, is about 2 to 2^ ft. long, and 
1 J to 2 in. in diameter. One end is fitted with an mdia- 
rabber stopper A, throufrti w\uti\i ■^a'aws. ■*. "^^'sR-* '^ 
glaoa tubing, b, of about fgthoi aam-mfi^'Oi'^'"*"^''^ 
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other end being closed by means of a piece of india- 
rubber clotli. This is perforated with a J in. round hole, 
c, and is kept on the end of the tube by means of 8 
rubber ring. Outside of this is placed another piece o: 



B 





Fig. 169. 

the same cloth, d, to close the aperture, this also beiixe 
secured by rubber rings. The small tube, b, Fig. 1&9, 
is plugged with cotton wool. 

The nutrient medium used is that known as Kock's, 
and consists of meat juice, gelatine, and peptone, in 
form of a clear and transparent jelly, care being taken 
to ensure its perfect sterility. A quantity of this is 
introduced into the tube, which is again sterilised by 
heating for some time in a steam bath. It is then 
allowed to cool, being turned round as it does so with 
the result that a thin film of jelly coats the inside of the 
tube. After it has thoroughly solidified it is ready for 
use. In examining a sample of air the tube is placed 
horizontally on a convenient support about three feet 
from the floor, an aspirator is connected by a piece of 
rubber tubing to the small glass tube, the outside cap is 
carefully removed and the aspirator started, the flow of 
water being carefully regulated so as not to draw the air 
through too rapidly. When the exact amount of air 
has been drawn through, the aspirator is stopped, the 
cap replaced, and the tube left at rest in a tem- 
perature of about 20° C. In the course of a few days 
colonies begin to appear, and must be counted daily 
until no further increase in number takes place. The 
number of colonies gives the number of micro-organisms 
in the volume of air aspirated, which will grow on that 
particular medium. There are several objections to the 
Hesse tube, and various modifications have been pro- 

posed, amongst which, may \>e meii\,\oTL^^ \W\» <^\ ^^. 

Percy jPrankland, " Hoy. Soc. "Ptoc^ no\. i>:\., ^. ^.^ 
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3id Dr. Camelley and Mr. T. "Wilson, toI. xliv., p. 45, 
E«r the description of which the reader is referred to the 
original papers. 

The quantity of air aspirated above will vary accord- 
Jig to its purity, a litre being about the average, aud 
the results are stated as so many micro-organisms per 
litre, moulds being counted separately. 

Fig. 170 shows the appliaiicea used in testing for 
I micro-organisms. 




Having thus far described the mode of determining 
the various impurities, it may be ■well to indicate the 
urcrage amounts of eacliiiortQ.aW.y'^Tew;iA""«i.^^ia*S\«^ 



214 



VBHTILATION. 



1 



sphere ; the averages for the air of (1) dwelling-houses, 
and (2) schools ; and lastly, the standards of purity sug- 
gested by consideration of these results. 

Cabnelley, Haldanb, and Andeeson. Dec, — Mar.^ 1885-86. 







Organic 
matter. 

Vols. Ox. 

permiUion 
of air. 


Micro-oi 
perl 


•MTiinnip 




COa 

s 


itre. 


1 in 

10,000. 

1 


Bacteria. 


Moulds. 


Countiy air* 

Town air : Dundee and Perth 
One and two-roomed houses 
Four-roomed and upwards , 
Dundee schools : Mech. vent. 
9, „ Nat. vent. 


3-1 

3-9 

10-0 

7-7 

12-3 

18-6 


2-8 

8-9 

12-4 

4-5 

10-1 

16-2 




6 
50 

8-5 
16 
1510 


•35 
2-0 
1-5 
0-4 
0-6 
M 



The standards of purity proposed by these investi- 
gators are as follows : — 

The air of a dwelling-house or school must be con- 
sidered bad if the following limits be exceeded : — 





1 
Total. Excess over outside air. 


Carbo- ( For dwel. -houses 
nic acid ( For schools 
Organic matter 

Total micro-organisms . 


10 vols, per 10,000 
13 ,, ,, 
Ditto. 

Ditto. 


6 vols, per 10,000 

9 >» >> 
2 vols, oxygen 
per million of air. 
20 per litre 



The following table of averages from the writer's 
note-book may not be without interest, in so far as it 
shows how close results by different persons may agree. 
The two tables, however, are not strictly comparable, as 
the first was obtained from determinations made during 
the winter, whilst the second was almost entirely con- 
fined to the later spring and earlier summer months. 



* Suburbs oi Perish. aTi3LT>\xxidfte». 
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FoGGiB. 1887-88. 





No. of 
cases. 


COsin 
10,000. 


Organic 
matter. 


Micro- 

organisms 

per litre. 


Free 

ammonia 

milligr. 

"PBT cub. 

metre. 


Bac- 
teria. 


Moulds. 


Country air (north of 

Kfe) 

Town air (Dundee) . 
Four-roomed house . 
Dundee schools ( March 

nat. vent. . ( June 
♦Country schools ( Mardi 
nat.vent. (Kfe) ( June 


12 
22 
11 

|35 
|26 


3-1 

3-97 

9-2 

15-5 
19-8 


1-5 
4-0 

10-3 
9-0 


9 
69 

82 


1 

7-7 


0-1 

0-23 

0-35 

0-93 



* Camelley & Foggie. 
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TABLES FOR COITVTERTINa FRENCH 
MEASURES INTO ENGLISH. 



lilNFiATi MEASUBE. 

1 millimetire ^ '03937079 inch, or abont 2^5 of an inch. 

1 oenthnetre = '3937079 inch. 

1 dedmetro = 3'937079 indies. 

1 metre = 39-37079 inches. 

1 Idlomeize = 39370*79 inches, or 1093*6 yards nearly. 



SQXTAKE MEABUBE. 

1 square millimetre = *001d5006 square inch. 

1 square centimetre = * 155006 square inch. 

1 square decimetre = 15*5006 square inches. 

1 square metre = 1550*06 square inches, or 10*7643 sq. feei 

CUBIC MEASURE. 

1 cubic centimetre = '0610271 cubic inch. 

1 cubic decimetre = 61*0271 cubic inches. 

1 cubic metre = 61027*1 cubic inches, or 35*3166 cubic feei 

The Htre — for liquids — is simiJar to the cubic decimetre. It is 
equal to *220215 of aia imperial gaUon. 



MEASURES 01^^ WEIGHT. 

1 milligramme = •015432349 ^gitdn. 

1 centigramme = * 15432349 grain!. 

1 decigramme = 1*5432349 grain. ! 

1 gramme = 15-432349 grains. I 

1 kilogramme = 15432-349 grains, or 21-20462125 lbs. avoir. 
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BACILLI, 34 

Bacon, FrandSyLord Vemlain, 
31,50 
Bacteria, 34 
Bacteria and dust, 122 

and air currents, 122 
Bad air in sbhools, 27 
Bad breath, 12 

Ball-rooms and bad ventilation, 48 
Balmoral Castle, 190 
Barclay, H. and D., architects, 

65, 164 
Barometeor, 4-5 
Bastian, Dr., 32, 33 
Bath-room ventilation, 199 
Beaufort's scale, 16 
Bedrooms, 13 
Bertholet, Count, 5 
Billiu^-room ventilation, 107, 

108, 109, 145 
Billings, Dr. J. S., 77, 154 
Biogenesis, 33 
Biological science, 34 
Bird, Dr. Hinckes, 64 
Birkbeck, G^eorgfe, M.D., 16 
Black Hole, Calcutta, 8 
Black, Joseph, 18 
Blackman fans, 168, 159 
Blairgowrie school, 71 
Blood, the, and the air, 20 
Blower or fanner, 60 
Blow-off pipes for drains, 183, 

184, 186 
Blyth, Professor, F.R.S.E., 140 
Bottomley, Professor, F.R.S., 140 
Boyle, the Hon. Robert, 60 
Bracing weather and death, 21 
Braizier, Professor, 168 
Brande, Wm. Thos., F.R.S., 17 
Breathing in bad air, 27, 31 
Breezes, 16 

British Architect , The, 137 
Buchan's access-pipes for drains, 
184, 191,192,193,194 
anti - down - draught valve 
boxes, 80, 83, 84, 88, 90, 
91, 106, 107, 108, 113, 116 
smoke-test, 181, 193 
traps, 182, 184, 186, 187, 188, 

190 
rentUatoTB, 81, 83, 86, 89, 91, 
93, 94, 97, 99, 101, 103, 
i(?r, 108, 110, 115,137,160 



Builder, The, 54, 137 
Building News, The, 61, 137, 144 
Burnet, Son, and Campbell^ archi- 
tects, 109 
Byres, ventilation of, 145 



CALCULATING formula for 

ventilation, 141 
Calm weather, 16 
Cambudang School, 72, 73, 95, 

98 
Campbell, Jas. A., M.F., 185 
Cannes, experiments with, 11, 23 
Carbon, 13 
Carbonic add, 2, 3, 5, 7, 9, 10, 

11, 13, 19, 20, 202 
Carbonic acid gfas in exhaled air, 

41, 42, 168 
Carbonic oxide gas, 20, 199 
Carburetted hydrogen, 19 
Carmichael, Dr. Neil, 47 
Camelley and Foggie, 215 
Camelley, Haldane, and Ander- 
son, 202, 214 
Camelley, Professor, F.C.S., 27, 

28, 41, 69, 164, 161, 165, 

166, 167, 168, 202 
on air of schools, 69, 70, 168 
Caution to contractors, 118 
Ceilings, height of, 125, 126 
Chalmers, P. McGregor, Frefaee 
Chemical change versus organic 

action, 31 
Chemical class-rooms, ventilation 

of, 170 
Chemistry, 32) 
Children and air, 21 

gulley gratings, 196 

school ventilation, 35, 36, 40, 

47, 61, 65, 78, 80, 121, 

143, 166, 167, 169 
Chimney, current in, 16 
Chimney ventUation, 61 
Chivalry, 14 
Chloride of calcium, 60 
Chlorine, 20 
Chour, Dr., 120 




!71bii Ziine Eteamers, 130 

TIortieT the ooider, 21 

UleanlmcsB attd godliness, 21 

Climate, 21 

^iSoke-bnnmig, 20 

iikdd, 31, 29 

BdIsb, W. B. E., 192 

□olle^ DnndcB Teclmical, ITS 



CJonserTation of energy, 34 
Ootfield, ProfesBor, M.D., 126 
Qooaaek, Mr., heating cngineeT, 

66, 116, 117 
CditIb, Banner's, 137, 138 
Old-wife, 149, ISI, 162 
Soott-Dmm's, 137, 138 
veering terHu fixed ventila- 
tors, 137, 138, 119, ISO, 
182 
Orajg, J. andM., 190, 194 
Cfcanaton HiU, U. P. Chnrch, 

Glasgow, 87, 88 
Critiauea ajid addressee, 33 
Cmelly to animBlsj 179 
Dnbic epace per head in schools. 



pADO f 



at Dondee and Abeideen, 66 
at London, and Greenock in 
1883, 62, 63, 64, 65 



Oaneer, don^e of, 2G 

psi^B, T. "W., Bjid Co., London, 

Hi 
beatliH fnnn bad air, 49, 200 
Death, from the ventilator, 40 
in the bath-room, 200 



in the pot, 
DeBermn Natura, 31 
Eles^uJiera, Dr., 60 
Oesohanel'B "Natural Philoso- 

Vekens, Charles, iS 
Sffasion of gsace, 5, S 



DlseasGa of low type, 121 
Domo-iflpped ventilator, 09, 100, 

101, 108, 160 
Bothehoyfl School, 47 
Down-draaghtfl in tenliltttors, 36, 

38, 39, 40, 47, 80, 137 
Di'auis, access pipes for, 184, 191, 

192, 194 
lajing and leveUiag, 197, 198 
trapa for, 182, 184, 187, 189, 

190 
Drains, ventilation of, 181, 183, 

184, 186 
Draught, 1, 20, 29, 47, 61 
Dnimmond, Professor Henry, 

F.R.S-E., 34 
" Dulce Domom," Mr. Hdlycr's, 

137 
Duncan, Professor E., M.B., 1 
Dundee Board School, 144 
High School, 119 
Technical College, 175 
Dual paridcloa, 1 3 
DwelUng-hooses, their aanitary 

construction and arrange- 
ment, 126 
ventilation of, 61, 62, 54, 66 



EDINBURGH Hmnbera' Con- 
gress, 192 
Education Department, 144 
Eggorhenflrstf 32 
Elbow-room v. head-: 



X In 

workmen's houses, 126 
Elefitro-negative state, 3 
" Enoyolopiedia Britannica," 61, 

113, 131 
Energy, conservaUon of, 34 

^ansmutation of, 34 
Everett, 6 

Every man his own landlord. 181 
Evolution of protoplasm from 

matter, 33 
Ewing, Professor J. A., F.E.S., 

6\ 
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Expcrhnonts, Dr. Smith's, 24 
with g^ and BCLspended 

pipes, 139, 140 
with. veatQators, 135, 136, 
138 
Extraction system, 164 



p.VLCONER, Mr. Lake, archi- 
tect, 71 

Fanner or blower, 50, 158, 159, 
160, 161 

Faraday, Michael, F.R.S., 17 

Farquharson, Mr. John, archi- 
tect, 74, 85 

FataliHm, 43 

Faulty inlets, 43 

Feet, stamping of, in school, bad, 
119 

Fermentation, caused by organ- 
isms, 31, 34 

Fireplaces as outlet yentilators, 
41, 52, 56, 153 

Fixed t'^rw^ movable cowls, 111, 
137, 149, 150 

Flower, Mr. T. J. Moss, Bristol, 
197 

Flushing schools, &c., with fresh 
air, 61 

Flushing tank, Roger Field's, 187 

Foggie, John, F.C.S., Preface^ 22, 
208, 215 

FranMand on organisms in the 
air, 122, 212 

Franklin, Dr. Benjamin, 50, 51 

Freemasonry, history of, 50 

Freezing, anti, solution, 60 

Fresh- air ventilation below i^oors, 
60 
from below floors, 66, 67 

Fresh air versus heat, 29 

Fungi, 34 



GALASHIELS School, 74 
aale, 16 

GraliJeo, 4, 5 

Gallery, National, of Art, 15'2 
"^-^fbore Houae, 100 



Gas oombnstion, 12 

engines, Crossley's, 158, 159, 

167 
explosive, mixture of, 12 
j'ets, 12 

jets in ppes for heat to osme 
ventilation, 86, 89, 93, 103, 
133, 139, 150 
Gkuses, irrespirable, 20 
Ghises versus germs, 31 
Germs, disease, 13, 21, 31, 34 
origin of, 31, 32, 33, 34 
or bacteria, 34 
Geysers, danger of, in bath- 
rooms, 200 
" G. H. G.," 144 
Gillespie, Mr. James, archited;, 

103 
Girls in schools, 169 
Glasgow Schools, 59, 61, 75, 160, 
165, 167, 171 
Plumbers' Congress, 192 
Glottis, dosore of me, 20 
Gothic ventilator, 101, 102 
GU)van Parish School Board, 160 
Graham, Thomas, F.B.S., 5 
Grassi on ventilation, 154 
Grease-traps for drams, 190 
Greek art, 152 

philosophers, 32 
Greenock Town Hall, 64, 65 
Grotto del Cane, 7 
Gulley gratings and sewer venti- 
lation, 195 



2[ALDANE and Anderson, 168 
Hamilton, Lady Claud, 34 

Hay, Professor Matthew, 47, 72, 
98, 169 

malth, 120, 121 

Health Exhibition, London, 192 

Heating by hot water, 166 

Heat and putrefaction, 29 

Heat of candles and lamps, 29 

Heatof man, 29 

Heat of water for washing in, 
21 I 

Kftat,^«titala.tW 140, 170 



'er, Mr. S. S., of London, 

111, 131, 13-5 
ersoD, "Wm., and Son, arcM- 

teots, 101 
oreggflmt? 32 
y^ TheGlsigoK, 6, 13 
), Dc., of Darmstadt, 211 
i on organisma in the air, 

122, 211 
lerel inlota, 67 
ead Pnblio Sctool, IflO, 162, 

365, 167 
ry oE Freemasonry, 50 
BopaUdo ventilation, 48 
yman, Hx. John, arcLiteot, 

116, 117, 125 
ItaKairin, 22, 145 
m\et coils, 74, 75 
B of OonunoBH, 60 
Ba of P&rliament, 61 
BB, worfanen'a, 125 
a TBDtilation, 5S. 56, 129 
ff not to do it," 35, 174 



jiens," Parkes', 40, 144, 163 
unic Imtitnte, Breslau, 121 
BntOation, 22, 69, 80, " 



lOTED oatlets, 77 
dicator brasa plate, 118 
itoi, gradiout for drains, 
&o., 1D7. V- 



za, 40 



3,21 



ited apartments, air aj 

in, 125 

mtJIation of, E6, 126 

ttim of gTJod, 69 

window boeaings, 59, 67, 

73, 74 

Oa, 54, 62, 63, 66, 69 

nltj, 43 

Iding-in, 62 

jah air, 53, 58, GO 

^b level, 67 

^enio, 69 

\al, 64, 68 

in'a tabe, Bi, 61. 08, 69 



JAMIESON,Prof.,M.lnst.C.E., 

Jones, "Walter, " Heating by Hot 

"Water," 166 
Jiidges on tliQ Bench and Ihe 

Smoko Teat, 193 



;gEr, Mr. "Wmiam, 159 

Kitchens, rentilatiDii of, 127 
Kooh'a nutrient medium, 212 



LAING, Samuel, M.P., 31 I 

Laughton, Mr., 17 
Laundries, ventilation of, 13) 
Lavoiidor, 19 

Leeward versia windward, 6i 
Leprosy, 120, 121 
XieiiwenliKck, 32 
Lewis, CI. H., 8 
Lewis, H. K., London, 125 ] 
Liberal Club, Glasgow, 63 
Life, myatjiry of, 33 

origin of, 31^34 

promise and potency of, 33 
Lime water, 9 

Liverpool, St. George's Hall, 51 
Local Government Board, 144 
Londonderry stcamor catastroplie. 



Loudon School Board, 1 
Louvto ventilatorB, 36 

with valres, 160 
Lncretius, 31 
Lyon, D, Mnrray, 50 
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MACHINE-APPLIED smoke 

test for drains, 193 
" Manual of Practical Hygiene," 

40 
' ' Manual of Publio Health aod 

Sanitary Soienoe," 80 
Matter, 2, 33, 140 
and life, S3 

McKBQari.cV,"?TiA.,"mxj .;ss,a... 



222 



INDEX. 



Mechanical Tentilation, 153 

vernit antomatic yentilation, 

167 
Mediaeval naturalists, 32 
Melvin, John, & Son, architects, 

100 
Mental decrepitnde, 119 
Mercury, 4, 6 
Merolins lacrymans, 34 
Meteorological Office, 16 
Methods of examining the air of 

buildings, 202 
Mica valyes, 51, 133, 134 
Microbes, 34 
Micro-organisms in schools, 119, 

124, 211 
Microscope, 34 
Midden gas, 22 
Miller, A. Lindsay, architect, 72, 

95 
Mind, eyes of the, 76 
Mistakes in ventilation, 35, 139, 

173 
<< Modem Science and Modem 

Thought," 34 
Moisture in the air, 29 
Monro, James M., architect, 97 
Momingfield Hospital, 101 
Motion of the air by pressure, 61 
Moulds, 213 
Mystery of life, 33 



]>^ASMYTH, Dr. T. G., 80 

" Natural Law in the Spiri- 
tual World," 34 
Natural philosophy, 6 
Nature and beauty with effici- 
ency, 149 
vast powers of, 154 
Nebular theory, 33 
Needham, 33 
Nervous disease among children, 

47 
Nessler's reagent, 208 
Newbattle parish church, 87 
New MevietOf 34 
Nitno acid, 3, 20 
Nitrogen, 2, 3, 5, 19, 202, 208 
Nitrous acid gas, 20 
Nose, the, as a filter, 134 



QGTAQONALand square-based 

ventilators, 94, 96 
Odds and ends, 125 
Old- wife cowIb, use of, a mistake, 

111, 137 
Omne vivum ex vivo, 32 
Open-roof valve-boxes, 90, 91, 

113 
Organic action, 31 
debris, 13 
matter, 3, 12, 13 
putrid, 21 
Organisms and germs, 31 
*' Origin of Animals," 34 
of germs, 31, 32, 33, 34 
of life, 32, 33, 34 
Ornamental ventUators, 86^ 90, 
91, 97, 98, 99, 100, 101, 
102, 103, 110 
Otto gas-engine, 161 
Outlets, bad, 36, 37, 39, 40 

improved, 77, 81, 83, 85, 89, 
91, 94, 97, 103, 107, 113 
Oxide of carbon, 20 
Oxygen, 2, 3, 8, 11, 17, 19 

discovery of, 19 
Ozone, 3 



PAINTING iron pipes inside, 

198 
Parkes, Dr. E. A., 40, 154 
Parkes' "Hygiene," 40, 144, 153 
Parliament, Acts of, and smoke 
test, 193 

members of, as public bene- 
factors, 179 
Parliamentary Beports, 15 
Partiok School, 164 
Pasteur, Louis, 31, 34 
" Peclet on Ventilation," 154 
Permanganate test, 209 
Perkins's stove, 17 
Petri on ** Organisms in the 

Air," 122 
Pettenkoffer's experiments, 77 

method, 203 
Philosophical Society of Glasgow, 
\^^ 



ThyMology. teit-book on, 34 
PigB and railway carriagcfl, 179 
Hain ventilators, 81, 83, 85, 92, 
93, 84, 98, 105. 107, 108, 
111 
Platonic school, 5 
nennm Bjatem, 153, 1S7 
Flumitr and Becorator, The, 137 
Flumber, The, and sanitary hooaeB, 

111 
Hnmbere' oateohJHni, 192 

rcgiatration raoveroent, 192 
WoTBhipful Company of, 
London, 192 
flambing and faonse di^dnago, 

183 
FaJBoning, pbysical, 119 
fteoanHpii, a. ratioiial, 182 
FreBanre oaases motkm of tiii] air, 

61 
Priestley, Dr. Jogeph, F.R.S., 18 
Priaona, cubic epaoe per head, 144 
Problem in ventilataon by heat, 

140 
Propnlsiuii ByHtem, 153 
ProtopIaBm, Zl 

evolutiaii of, 33 
Ptolemaio system, 5 
Pulpit oanopy, 44 
Pntrid or^wuo matter, 31 
Patrefaction and heat, 29 
by organisms, 31 



nUEEN AtTNE style of venti- 

^ Inhir. ion 



■RAHiWAT carriage ventilation, 
30, 41, 176, 178 
sniokuig compartmonlB, 179 
Bats At school, 121 
Eedi, PranceHco, 32 
Eoffifltration of plmnbera, 192 
Beid, David BoaweD, M.D., 18, 

fiO, 51, 65 
Beports, Parliamentary, 15 
Btspimtion, 7, 8, 9, 17, 19 

and traJispiTation, 9, 202 
Bespirabiry exchanges, 20 
SBvolving Arph ["median venti- 
lator, 137, 138 



Robins, E.CF.S.A., 62, 65, 168 

Eomanes, Prof,, F.R.S.', 33 
Booms occupied, 7 

ventilaaon of, 53, 56 
Boscoe, Prof.,F.R.S., 144 
Eowan, W. G., awHteot, 100 
Royal Society, Edinburgli, 5, 13 

London, Phil. Trftnu., 302, 
209, 211, 212 
Russell, Dr. J. B., 21 



St. Leonard's Hall, St. Andrews, 

103 

Saints and scents, 21 

Sahnon, Mr. W.F., architect, 171 

Sanitaiy Associatioii of Soothmd, 

47 

Institute, The, 16 

TranBoctiona of, 17, 195 
Journal, The, Glasgow, 47 
Secord, The, London, 193 
Scamper, The intentional, 193 
8oott, Alex. M., aiaa^w, 1B2 
Scioola, 14, 27 
Aberdeen, 168 
and teachers, 44, 76, 169 
Allan Glen'a, Glasgow, 170 

—173 
automatically voutilaled, 70, 

7S, 143, 146 
badly Tentilaletl, 35, 36, 41, 

46, 47, 173, 174 
cost of heating and ventilat- 
ing, 166, 167 
country tsrsus town, 71, 76, 

95, 143, 144, ISO 
diseaacB of reqiimtory organa 



Dotheboys, 47 
Dundee, 168 
OalashielB, H 
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Schools, mechanically Tentilated, 
28, 70, 160, 162 
Parisian, 27 
Scottish, 27, 160, 165, 167, 

168, 171 
Sunday, 44 
sweeping of, 119 
technical, 171, 176 
thermometers in, 175 
three-flatted, 164, 165 
ventilation of, 41, 44, 70, 75. 
&1, 83, 143, 144 
Seats, styles of, for ventilators, 

104 
Servants, ventilation for, 127 
Sewers, ventilation of, 181, 196. 

196 
Shakespeare, 152 
Sheringham ventilator, 69 
Ships, ventilation of, 128, 129 
Side fresh-air inlets to drains, 187 
Silk-valves, 51, 81, 83, 91, 107, 

108, 113 
Siphon, aerial, 51 
Site, 21, 68 

Size of ventilators to size of pipes, 

82 
Smell of bad air, 12,27 

as a test, 27 
Smith, Dr. Angus, 10, 11, 20, 21, 

22, 24, 26, 27, 31 
Smith's solution, 198 
Smoke Test, The, 181, 193 
Smoking concerts, 23 
Society of Arts Hall, London, 62 
Soil-pipes and valve-ventilators, 

133, 134, 186 
Spallanzani, Lazaro, 32 
Spanish proverb, 1 
Special physiology, 18 
Spirilla, 34 
Spontaneous generation, 32, 33, 

34 
Stables, ventilation of, 145 
Steel & Barbour, architects, 87 
Stem, Dr., Breslau, experiments 

by, 121, 122 
Stewartville School, Partick, 164 
Storm, 16 
dgnalSf 16 
Simcatbro, 185 

^pburetted bydiogem, 20 



Sulphuric add, 12 
Sulphurous add, 12, 20 
Swampy district, 21 
Sylvester gill stove, 67 

TASTE in ventilation, 148, 150, 

Teadiers and schools, 76 
Technical school and coUege 

building, 65 
Testing for CO2, 202 

micro-organisms, 211 
organic matter, 207 
town and country air, 214 
The three ghouls, 181 
Thermometers in schools, 176 
Thomson, James, F.R.I.B.A., 

Glasgow, 100 
Three-flatted schools, 164, 166 
Tobin's tube, 64, 61, 68, 69, 105 
Torquay sewers, 196 
TorriceUi. 4 
Transpiration, 9, 202 
Traps for drains, 182, 184, 186, 

187, 189, 190 
^edgold, Mr. Thomas, 18, 35 
^pe. Dr. John W., 15, 16 
Tubercular disease in schools, 47. 
169 ' 

TyndaU, Prof., F.R.S., 32, 33, 
34, 119 » » » 

Typhoid fever, 120 

and sewer gas, 120 



XJNDER-RIDGE ventilators, 

114—117 
Under-ridge versus over-ridge 

ventilation, 118 
Unhealthy schools, 120, 143. 144 

169, 173, 174 



VALVE - BOXES, Buchan's 
self-acting, 80, 33, 84, 88, 
90, 106, 107, 108, 113; 

ioT o^TiTWife, 90, 91, 113 
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^ 


^^^K^ 235 1 


ValTes, liaiid and cora worked, 




3G, 39, 81, 83. 86. 90, SI, 


oolirtB, 144 


92,93, 108, 111,113, lis 


of rooms, 55, 66, 80, 145 


hit and misfl, GO 


of BolioolH, 28,41,44, 70, 75, 


metal, open wHen cord loose, 


81, 83, 143, 144, 146, 1G6 


81,83, 8e, 01,02, 108, 113, 


ofSBwere, 110,181, 180,195, 


118 


196 


mica, 51 


of Boil-pipea,134, 182, 136 


Bilk, fil.SO, 108, 113 


opinions on, 15 


Vapour, 13, 19 


pionoera in, 50 




principles of, 1, 20 


128 


railway carriage, 30, 170 




window, 45, 47, i3, 58, 69, 62 


121—124 


winter, 123. 155, 156 


andwarming, 69, 63, 64, 65, 
167 


TentilatorH, Archimedian screw. 


137, 138 


artifiiijal, 153 


big-headed, 82, 83 


art of, 1 


Boyle'fl, 130, 137, 138 


aa it IB and OS it should be, 


Bnohan'a,81— 115, 128, 131, 


146 


133, 137, 138, 150, 178 


aSBistcd by um jets, 86, 133, 


domc-toppod, 99, 101, 108 


139, 150 


downdrangbtain, 36, 30, 40, 


at window bossings, 69, 67, 


47,80 


73, 74 


Finlay'B, 130 


antomatio v. mechanioal, 70, 


for dr^ns, sowers, soil-pipes. 


1S3 


&c., 110, 184, 18G, 196 


bod syBtema of, 35, 36, 39, 


for schools, ehnrchoB, halls, 


40, 174 


&c.. 81—113, 165, 167 


by forced air jet, 131 


free classic style, 100 


by furnaces, 18, 61 


Gothic, 101, 102 






147 


Hellyer's, 138 


eUnmer, 51, 171, 173 


Howartb's, 137, 138 




indnoed-oiurentflied, 81-111 


139, UO 


Italian style, 100 


for animals, 145 


Lloyd's, 138 


good, 22, 75, HG 


louvro boarded, 35, 36 
McKinneU'B, 39, 40 


luw not to do it, 35, 174 


movable vn-sru fiiod, 137, 


■ hygienic, 22, G9, 80,81, H3, 


149, 150 


157 






101 


ill "Encyclopedia Britan- 


plain, 81, 83, 85, 92, 93, 94, 


nioa," 61 


96, 105, 107, 108, 111 


mechanical, 153, 157 


Scott-Dimn'B, 138 
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